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(54) Plating apparatus and plating method 



(57) A plating apparatus (1 0) for plating a substrate 
(W). The apparatus (10) is provided with a plating unit 
(20a to 20d), a substrate cleaning unit (22a. 22b), a sub- 
strate transport mechanism (TR) , a post-treatment 
agent supplying section (4), a minor constituent manag- 
ing section (3) for managing minor constituents (an ac- 
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celerator, a retarder and chlorine) of a plating liquid be- 
ing used in the plating unit {20a to 20d), an enclosure 
(30) which houses therein a substrate treating section 
(1) including the plating unit (20a to 20d), the cleaning 
unit (22a, 22b) and the substrate transport mechanism 
(TR) , and a system controller (1 55) for controlling the 
entire apparatus. 
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Description 

BACKGROUND OF THE INVENTION 
Field of tile Invention 

[0001] The present invention relates to a plating ap- 
paratus and a plating method for plating a substrate 
such as a semiconductor wafer with copper. 

Description of Related Art 

[0002] In the production of a semiconductor device, a 
plating process is often perfomried for plating one sur- 
face of a semiconductor wafer (hereinafter referred to 
simply as "wafer"). Plating apparatuses for the plating 
of the wafer are required to perform complicated proc- 
ess steps and to provide a high-quality metal film by the 
plating. Since the composition of a plating liquid chang- 
es during repetition of the plating process, the plating 
liquid should periodically be analyzed and adjusted so 
as to be kept in a predetennined composition on the ba- 
sis of the results of the analysis. This requires a time- 
consuming and troublesome operation. 
[0003] The plating liquid contains minor constituents 
such as a plating accelerating additive, a plating retard- 
ing additive, and chlorine which functions to retain the 
additives on the surface of the wafer. These minor con- 
stituents are consumed by the plating. Therefore, the 
plating process cannot properly be perfomied unless 
the minor constituents are added to the plating liquid so 
as to be kept at proper concentration levels. 
[0004] However, none of the conventional plating ap- 
paratuses are satisfactory In the quality of a film formed 
by the plating, operability, productivity and the like. Par- 
tteularly, the conventional plating apparatuses cannot 
easily and properly manage the minor constituents of 
the plating liquid, falling to properly perform the plating 
process. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to pro- 
vide a plating apparatus which is capable of properly 
performing a plating process. 

[0006] It is another object of the present invention to 
provide a plating apparatus whteh features easier oper- 
ation. 

[0007] It is further another object of the present Inven- 
tion to provide a plating apparatus which features higher 
productivity. 

[0008] It is still another object of the present invention 
to provide a plating method which is capable of property 
perfonning a plating process. 

[0009] It is further another object of the present inven- 
tion to provide a plating method which features easier 
operation. 

[0010] It is still another object of the present invention 



to provide a plating method which features higher pro- 
ductivity. 

[0011] A plating apparatus according to the present 
Invention Is adapted to plate a substrate. The apparatus 

5 comprises: a cassette stage for receiving thereon a cas- 
sette which is capable of accommodating a substrate to 
be treated; a plating unit; a cleaning unit for cleaning the 
substrate; a substrate transport mechanism for trans- 
porting the substrate between the cassette placed on 

10 the cassette stage, the plating unit and the clean ing unit; 
a post-treatment agent supplying section for supplying 
a post-treatment agent to the cleaning unit; a minor con- 
stituent managing section having an analyzing section 
for quantitatively analyzing a plating accelerating addi- 

'5 tive, a plating retarding additive and chlorine in a plating 
liquid being used in the plating unit; an enclosure which 
houses a substrate treating section including the plating 
unit, the cleaning unit and the substrate transport mech- 
anism; and a system controller for controlling the entire 

20 apparatus. 

[0012] The plating unit comprises a cathode ring hav- 
ing a cathode to be brought into contact with the sub- 
strate and rotatable together with the substrate kept in 
contact with the cathode, and a plating cup having an 

25 anode disposed therein and capable of containing the 
plating liquid which contains the plating accelerating ad- 
ditive, the plating retarding additive and chlorine as mi- 
nor constituents thereof. 

[0013] The minor constituent managing section com- 

30 prises a minor constituent management controller for 
controlling the minor constituent managing section. The 
analyzing section comprises an analyzing cup capable 
of containing a part of the plating liquid to be analyzed, 
a plurality of reagent supply nozzles for supplying ana- 

3S lytic liquid reagents into the analyzing cup, a reference 
electrode and a silver/silver chloride electrode for tltri- 
metric analysis, and a rotary electrode, a counter elec- 
trode and a reference electrode for a CVS analysis or a 
CPVS analysis. 

40 [0014] According to the present Invention, the plating 
process and the cleaning process can be performed by 
the plating unit and the cleaning unit, respectively, in the 
single plating apparatus. The cassette placed on the 
cassette stage can accommodate an untreated sub- 

^5 strate as well as a substrate subjected to the plating 
process and the cleaning process. 
[0015] Under the control of the system controller, the 
untreated substrate is unloaded from the cassette and 
transported, for example, to the plating unit and then to 

w the cleaning unit by the substrate transport mechanism 
so as to be automatically subjected to the plating proc- 
ess and the cleaning process In sequence, and loaded 
again into the cassette. 

[0016] The plating apparatus may further comprise a 
5 bevel etching unit for etching (bevel-etching) a periph- 
eral edge of the substrate. In this case, the substrate 
can automatically sequentially be subjected, for exam- 
ple, to the plating process, a bevel etching process and 
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the cleaning process. An etching liquid to be used in the 
bevel etching unit is contained in and supplied from the 
post-treatment agent supplying section. 
[001 7] Since the substrate treating section is housed 
in the enclosure, substrate treating processes including 
the plating process and the cleaning process can be per- 
formed in a clean atmosphere isolated from an external 
environment. The enclosure may be constructed so that 
outside air is introduced through a filter for removal of 
contaminants therefrom. 

[001 8] During repetitive use of the plating liquid in the 
plating unit, the concentrations of the minor constituents 
in the plating liquid change to be reduced below prede- 
temnlned concentration levels (concentration ranges). 
According to the present invention, the plating acceler- 
ating additive (hereinafter referred to simply as "accel- 
erator"), the plating retarding additive (hereinafter re- 
fen^ed to simply as "retarder") and chlorine contained as 
the minor constituents in the plating liquid can quantita- 
tively be analyzed by the minor constituent managing 
section. 

[0019] Thus, the concentrations of the accelerator, 
the retarder and chlorine in the plating liquid can be de- 
temriined, so that an operator can adjust the accelerator, 
retarder and chlorine concentrations of the plating liquid 
at the predetenmined concentration levels by adding 
proper amounts of the accelerator, the retarder and 
chlorine to the plating liquid being used in the substrate 
treating section. Therefore, the plating apparatus can 
easily and properly perfomi the plating process on the 
substrate by employing the plating liquid containing the 
minor constituents at the predetermined concentration 
levels. 

[0020] In the analyzing section of the minor constitu- 
ent managing section, the reference electrode and the 
silver/silver chloride (Ag/AgCI) electrode for the titri met- 
ric analysis, and the rotary electrode, the counter elec- 
trode and the reference electrode for the CVS (cyclic 
voltammetric stripping) analysis or the CPVS (cyclic 
pulse voltammetric stripping) analysis are provided in 
the single analyzing cup. Therefore, the titrimetric anal- 
ysis and the CVS analysis or the CPVS analysis can be 
perfomned in the single analyzing cup. 
[0021] The plating liquid to be analyzed is contained 
in the analyzing cup, and subjected to the CVS analysis 
or the CPVS analysis with the use of the rotary elec- 
trode, the counter electrode and the reference elec- 
trode. A common reference electrode may be used as 
the reference electrode for the titrimetric analysis and 
as the reference electrode for the CVS analysis or the 
CPVS analysis. 

[0022] More specifically, an electric current flowing 
between the counter electrode and the rotary electrode 
is controlled so that a voltage between the rotary elec- 
trode (action electrode) and the reference electrode im- 
mersed in the plating liquid is equalized with a sweep 
voltage (command voltage) specified by the minor con- 
stituent management controller in the CVS analysis or 



the CPVS analysis. The command voltage is swept so 
as to fluctuate in a predetermined cycle. Thus, deposi- 
tion and removal (stripping) of copper with respect to the 
action electrode cyclically occur. An electric current 

5 flowing through the action electrode when copper is 
stripped from the action electrode has a certain congela- 
tion with the concentrations of the accelerator and the 
retarder in the plating liquid. Therefore, the accelerator 
concentration and the retarder concentration can be de- 

10 termined by monitoring the electric current flowing 
through the action electrode. 
[0023] The rotary electrode is composed of platinum 
(Pt), and attached to an insulative support rod as ex- 
posed at a distal end of the support rod. The rotary e\ec- 

15 trode is rotatable about the axis of the support rod to- 
gether with the support rod. In the CVS analysis or the 
CPVS analysis, the accelerator and the retarder can be 
supplied as reagents from the reagent supply nozzles. 
[0024] For the titrimetric analysis of chlorine, the plat- 

20 ing liquid to be analyzed is contained in the analyzing 
cup, and a potential difference between the reference 
electrode and the silver/silver chloride electrode im- 
mersed in the plating liquid is measured while a silver 
nitrate aqueous solution is added dropwtse to the plating 

25 liquid from the reagent supply nozzle. At this time, the 
support rod supporting the rotary electrode is rotated for 
stirring the plating liquid being analyzed. 
[0025] The apparatus preferably further comprises a 
vertical mechanism for moving up and down the silver/ 

30 silver chloride electrode between the inside and the out- 
side of the analyzing cup. 

[0026] During the titrimetric analysis of chlorine with 
the silver nitrate aqueous solution, silver chloride pre- 
cipitates in the plating liquid being analyzed. Therefore, 

35 the silver chloride precipitate should be removed for 
cleaning the analyzing cup after the titrimetric analysis 
of chlorine. The removal of the silver chloride precipitate 
can be achieved, for example, by cleaning the cup with 
a cleaning liquid such as a sodium thiosulfate aqueous 

40 solution which is capable of dissolving silver chloride. 
Unfortunately, the silver/silver chloride electrode is also 
likely to be dissolved by the cleaning liquid capable of 
dissolving silver chloride. 

[0027] With the aforesaid arrangement, however the 
45 silver/silver chloride electrode can be moved out of the 
analyzing cup by the vertical mechanism when the an- 
alyzing cup is cleaned afterthe titrimetric analysis. Thus, 
the silver chloride precipitate in the analyzing cup can 
be removed without the dissolution of the silver/silver 
50 chloride electrode. 

[0028] The analyzing cup has a drain port provided in 
a bottom thereof. The bottom of the analyzing cup is 
preferably inclined downward toward the drain port. 
[0029] The plating liquid and the cleaning liquid can 
55 be drained from the drain port after the completion of 
the analysis and after the cleaning of the analyzing cup. 
Since the bottom of the analyzing cup is inclined down- 
ward toward the drain port, the plating liquid and the 
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cleaning liquid can virtually completely be drained. 
[0030] At least one of the plural reagent supply noz- 
zles preferably has an opening having an open diameter 
of not greater than 1 mm. 

[0031] In the titrimetric analysis, It Is necessary to 
quantitatively supply a very small amount of the plating 
liquid dropwise into the analyzing cup. and add a very 
small amount of the reagent dropwise to the plating liq- 
uid. According to the present invention, the nozzle hav- 
ing an open diameter of not greater than 1 mm is em- 
ployed for supplying the very small amount of the rea- 
gent dropwise into the analyzing cup. 
[0032] The analyzing section preferably further com- 
prises a plurality of syringe pumps for supplying the plat- 
ing liquid and the analytic reagents into the analyzing 
cup. and the syringe pumps are preferably each control- 
led via a serial bus connected to the minor constituent 
management controller. 

[0033] This arrangement makes it possible to supply 
the reagents exactly in predetermined amounts by 
means of the syringe pumps. The plurality of syringe 
pumps can each be controlled via the serial bus. 
[0034] The analyzing section preferably comprises a 
reagent container which contains each of the analytic 
reagents, a buffer cup adapted to be virtually sealed, a 
liquid surface sensor connected to the minor constituent 
management controller for providing information on a 
liquid surface level in the buffer cup, a first liquid trans- 
port pipe extending from the vicinity of a bottom of the 
reagent container to the buffer cup, a second liquid 
transport pipe extending from the vicinity of a bottom of 
the buffer cup to the analyzing cup, and an air exhaus- 
tion mechanism for exhausting air from the buffer cup. 
The minor constituent management controller prefera- 
bly controls the air exhaustion mechanism to exhaust 
air from the buffer cup in response to a judgment made 
on the basis of an output signal from the liquid surface 
sensor that liquid Is not present at a first level higher 
than an open end of the second liquid transport pipe In 
the buffer cup. 

[0035] With this arrangement, the reagent is supplied 
from the reagent container into the buffer cup. so that 
the reagent can constantly be contained in not smaller 
than a predetermined amount in the buffer cup and sup- 
plied in a required amount into the analyzing cup from 
the buffer cup. When the liquid surface sensor senses 
that the surface level of the reagent in the buffer cup is 
lowered below the first level, the minor constituent man- 
agement controller controls the air exhaustion mecha- 
nism to exhaust air from the buffer cup for a predeter- 
mined period. 

[0036] Since the buffer cup is virtually sealed, the in- 
ternal pressure of the buffer cup is reduced by exhaust- 
ing air from the buffer cup. Therefore, the reagent con- 
tained in the reagent container is sucked into the buffer 
cup. Where a sufficient amount of the reagent is con- 
tained in the reagent container, the internal pressure of 
the buffer cup is reduced for the predetermined period 



to supply a predetemnined amount of the reagent from 
the reagent container into the buffer cup. Thus, the sur- 
face level of the reagent in the buffer cup is raised above 
the first level. 

5 [0037] Therefore, the reagent can constantly be con- 
tained in not smaller than the predetermined amount In 
the buffer cup even if the reagent in the reagent contain- 
er is used up. Thus, the reagent contained in the reagent 
container can be used up without waste. Further, the re- 
10 agent can be supplied exactly in the required amount 
into the analyzing cup without entrapment of air in the 
second liquid transport pipe. 

[0038] The second liquid transport pipe may extend 
from a level lower than the first level in the buffer cup, 
'5 For example, a syringe pump may be provided in the 
second liquid transport pipe. In this case, the reagent 
can be transported from the buffer cup into the analyzing 
cup by means of the syringe pump. 
[0039] The same arrangement can be employed for 
20 containing and supplying the plural types of reagents to 
be used In the analyzing section. 
[0040] An audible alann generator and a display are 
preferably connected to the minor constituent manage- 
ment controller. The liquid surface sensor preferably 
25 comprises a lower limit sensor for detecting the pres- 
ence or absence of the liquid at the first level In the buffer 
cup, and an upper limit sensor for detecting the pres- 
ence or absence of the liquid at a second level higher 
than the first level in the buffer cup. If the liquid is not 
30 detected at the second level in the buffer cup by the up- 
per limit sensor after air is exhausted from the buffer cup 
for the predetemiined period by the air exhaustion 
mechanism, the minorconstituent management control- 
ler controls the audible alann generator to give an audi- 
ts ble alann, and controls the display to display a message 
that the reagent container is empty. 
[0041] With this arrangement, the lower limit sensor 
IS capable of detecting the presence or absence of the 
reagent at the first level in the buffer cup, and the upper 
40 limit sensor is capable of detecting the presence or ab- 
sence of the reagent at the second level in the buffer 
cup. Therefore, the minor constituent management con- 
troller judges on the basis of output signals of the lower 
limit sensor and the upper limit sensor whether or not 
45 the surface level of the reagent is lowered below the first 
level in the buffer cup and whether or not the surface 
level of the reagent is raised above the second level In 
the buffer cup. 

[0042] When the surface level of the reagent in the 
50 buffer cup is at the first level, the predetermined amount 
of the reagent is supplied Into the buffer cup by exhaust- 
ing air from the buffer cup by means of the air exhaustion 
mechanism. Thus, the surface level of the reagent is 
raised above the second level. 
55 [0043] If the intemal pressure of the buffer cup is re- 
duced for the predetermined period when the reagent is 
not contained In a sufficient amount in the reagent con- 
tainer, the predetermined amount of the reagent is not 
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supplied into the buffer cup but the reagent container 
becomes empty. Therefore, the surface level of the re- 
agent in the buffer cup does not reach the second level. 
In this case, the minor constituent management control- 
ler controls the audible alarm generator to give an audi- 
ble alann, and controls the display to display a message 
that the reagent container becomes empty to call oper- 
ator's attention. In this case, the operator replaces the 
empty reagent container with another reagent container 
containing a sufficient amount of the reagent. 
[0044] Thus, the predetermined amount of the rea- 
gent can be supplied from the reagent container to the 
buffer cup, so that the surface level of the reagent in the 
buffer cup is not lowered below the first level. Therefore, 
the reagent can be supplied exactly in the required 
amount into the analyzing cup without entrapment of air 
in the second liquid transport pipe. 
[0045] The analyzing section preferably comprises a 
sampling vessel provided in the vicinity of the analyzing 
cup and adapted to be virtually sealed, a sampling pipe 
extending between the substrate treating section and 
the sampling vessel, a plating liquid transport pipe ex- 
tending between the sampling vessel and the analyzing 
cup, and an air exhaustion mechanism connected in 
communication with the sampling vessel for exhausting 
air from the sampling vessel. 

[0046] With this arrangement, air is exhausted from 
the sampling vessel by the air exhaustion mechanism 
with the sampling vessel being virtually sealed, whereby 
the internal pressure of the sampling vessel is reduced. 
Thus, a pressure difference occurs between the sub- 
strate treating section and the sampling vessel, so that 
the plating liquid can be transported from the substrate 
treating section into the sampling vessel through the 
sampling pipe. Then, the plating liquid is supplied from 
the sampling vessel Into the analyzing cup for the anal- 
ysis. 

[0047] Where the plating liquid is transported through 
a long pipe, air is liable to be trapped in the pipe, making 
it impossible to guarantee the transportation of exactly 
a predetermined amount of the plating liquid. The titri- 
metric analysis and the CVS analysis or the CPVS anal- 
ysis cannot accurately be performed unless the exact 
amount of the plating liquid to be analyzed is known. 
With the aforesaid arrangement, the sampling vessel is 
disposed in the vicinity of the analyzing cup. so that the 
plating liquid transport pipe for transporting the plating 
liquid from the sampling vessel into the analyzing cup 
has a reduced length. This assuredly prevents the en- 
trapment of the air in the analyzing section. Therefore, 
the plating liquid can be transported exactly in the pre- 
determined amount into the analyzing cup, so that the 
analysis can accurately be perfonned. 
[0048] The sampling pipe preferably opens into an up- 
per portion of the sampling vessel. In this case, the mi- 
nor constituent managing section preferably further 
comprises an air supply mechanism for supplying air in- 
to the sampling vessel. 



[0049] With this arrangement, the sampling pipe 
opens into the upper portion of the sampling vessel, so 
that an end (open end) of the sampling pipe is not sub- 
merged in the plating liquid in the sampling vessel after 

5 the plating liquid is transported into the sampling vessel 
through the sampling pipe. After the plating liquid is 
sampled from the substrate treating section into the 
sampling vessel through the sampling pipe, air may be 
supplied into the sampling vessel from the air supply 

10 mechanism with the sampling vessel being virtually 
sealed. Thus, the internal pressure of the sampling ves- 
sel is increased, so that the plating liquid present in the 
sampling pipe can be forced back into the substrate 
treating section. 

15 [0050] Where the plating liquid can be transported on- 
ly in one way from the substrate treating section into the 
sampling vessel, the plating liquid remaining in the sam- 
pling pipe should be transported into the sampling ves- 
sel and then drained to be discarded prior to the next 

20 analysis of the plating liquid. Therefore, the plating liquid 
is wasted. According to the present invention, however, 
the plating liquid present in the sampling pipe is forced 
back into the substrate treating section so as to be used 
in the substrate treating section without waste. 

25 [0051 ] A common air pump, for example, may be em- 
ployed as the air exhaustion mechanism and as the air 
supply mechanism. The exhaustion of air in the sam- 
pling vessel can be achieved by connecting an exhaus- 
tion port of the air pump in communication with the sam- 

30 piing vessel with an air supply port of the air pump being 
open. Further, the air supply into the sampling vessel 
can be achieved by connecting the air supply port of the 
air pump in communication with the sampling vessel 
with the exhaustion port of the air pump being open. 

35 [0052] The minor constituent management controller 
comprises a storage device, and is connected to the dis- 
play and an input device which allows the operator to 
input information. The minor constituent management 
controller is preferably adapted to store concentration 

40 levels of the plating retarder, the plating accelerator and 
chlorine in the plating liquid analyzed by the analyzing 
section in relation to the date and time of the analysis in 
the storage device, and controls the display so that the 
concentration levels of the plating retarder, the plating 

45 accelerator and chlorine stored in the storage device are 
displayed on the display in a chronological order in re- 
sponse to a command Inputted via the input device by 
the operator. 

[0053] With this arrangement, the concentration lev- 
50 els of the accelerator, the retarder and chlorine obtained 
through the analysis can be displayed in the chronolog- 
ical order, so that the operator can estimate the con- 
sumption ratesoftheseminorconstltuents. When the 
concentration of any of these minor constituents is re- 
55 duced below a predetemriined level, the minor constitu- 
ent can immediately be added to the plating liquid. 
[0054] The relationship between the concentration 
levels of the accelerator, the retarder and chlorine ob- 
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tained through the analysis and the date of the analysis 
may be displayed in a table form or in a graph form. All 
the concentration levels of the accelerator, the retarder 
and chlorine may be displayed at a time or, altematively, 
any one or two of the concentration levels of the accel- 
erator, the retarder and chlorine may be displayed In re- 
sponse to a command Inputted via the input device by 
the operator. 

[0055] The concentration levels and the like may be 
printed out by a printer rather than displayed on the dis- 
play. 

[0056] The display is preferably connected to the mi- 
nor constituent management controller. The minor con- 
stituent management controller Is preferably adapted to 
display a graph indicative of a relationship of the amount 
of the reagent supplied dropwise into the analyzing cup 
versus the potential difference between the reference 
electrode and the silver/silver chloride electrode in the 
titrimetric analysis on the display. 
[0057] With this arrangement, the progress of the titr- 
imetric analysis can visually be confimned. 
[0058] Theminorconstltuentmanagementcontrolleran 
dthe system controller are connected to each other via 
a serial line. The system controller is adapted to acquire 
infomnation on the total amount of the plating liquid being 
used in the substrate treating section. The minor con- 
stituent management controller is adapted to acquire 
the infonnation on the total amount of the plating liquid 
from the system controller via the serial line. Further, the 
minor constituent management controller is preferably 
adapted to determine the amounts of a replenishment 
liquid containing the plating retarder, a replenishment 
liquid containing the plating accelerator and a replenish- 
ment liquid containing chlorine to be added to the plating 
liquid on the basis of the information on the total amount 
of the plating liquid and the concentration levels of the 
plating retarder, the plating accelerator and chlorine ob- 
tained through the analysis by the analyzing section, so 
that the concentrations of the plating retarder, the plating 
accelerator and chlorine in the plating liquid in the sub- 
strate treating section are adjusted to the predetermined 
concentration levels. 

[0059] With this arrangement, the amounts of the ac- 
celerator, the retarder and chlorine to be added to the 
plating liquid can automatically be determined so as to 
adjust the concentrations of the accelerator, the retarder 
and chlorine to the predetemnined concentration levels. 
Therefore, the plating apparatus can more easily man- 
age the minor constituents of the plating liquid, whereby 
the plating process can more easily be perfomned with 
the use of the plating liquid adjusted in a proper compo- 
sition. 

[0060] The minor constituent managing section pref- 
erably further comprises a replenishment section Includ- 
ing a preparation vessel adapted to be virtually sealed, 
a replenishment pipe extending from the vicinity of a bot- 
tom of the preparation vessel to the substrate treating 
section, a pressure increasing/reducing mechanism for 
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Increasing and reducing the Internal pressure of the 
preparation vessel, and a replenishment liquid supply 
mechanism for supplying the plating accelerator replen- 
ishment liquid, the plating retarder replenishment liquid 

s and the chlorine replenishment liquid In replenishment 
amounts detemnined by the minor constituent manage- 
ment controller into the preparation vessel. 
[0061] With this arrangement, the internal pressure of 
the preparation vessel is increase or reduced by the 

10 pressure increasing/reducing mechanism with the prep- 
aration vessel being virtually sealed. Thus, the plating 
liquid can be transported from the substrate treating 
section into the preparation vessel and vice versa 
through the replenishment pipe by a pressure difference 

15 between the preparation vessel and the substrate treat- 
ing section. The accelerator replenishment liquid, the re- 
tarder replenishmentliquidandthechlorinereplenish- 
mentliquid are added to the plating liquid transported In- 
to the preparation vessel, and then the resulting plating 

20 liquid is returned into the substrate treating section from 
the preparation vessel. Thus, the plating liquid in the 
substrate treating section can be replenished with the 
accelerator, the retarder and chlorine. 
[0062] Since these operations are all automatically 

2^ performed, the plating apparatus ensures easy opera- 
blllty and higher productivity. 

[0063] The replenishment liquids are each supplied 
into the preparation vessel rather than added directly to 
the plating liquid in the substrate treating section. In this 

30 case, the replenishment liquids can once be dissolved 
(or dispersed) in the plating liquid in the preparation ves- 
sel, and then the resulting plating liquid is transported 
to the substrate treating section. Thus, even if any of the 
replenishment liquids is less soluble in the plating liquid, 

35 the replenishment liquid can be dissolved (or dispersed) 
in the plating liquid being used in the substrate treating 
section in a short time. 

[0064] The replenishment liquid supply mechanism is 
capable of controlling the replenishment amounts of the 

^0 accelerator replenishment liquid, the retarder replenish- 
ment liquid and the chlorine replenishment liquid inde- 
pendently. The replenishment liquid supply mechanism 
may comprise, for example, a replenishment liquid con- 
tainer which contains each of the replenishment liquids, 

45 and a replenishment liquid transport pipe for transport- 
ing the replenishment liquid from the replenishment liq- 
uid container to the preparation vessel. In this case, the 
replenishment liquid container is provided in the vicinity 
of the preparation vessel, so that the length of the re- 

50 plenishment liquid transport pipe can be reduced. In this 
case, there is virtually no temperature difference be- 
tween the replenishment liquid container and the prep- 
aration vessel disposed adjacent each other. Therefore, 
deterioration in the accuracy of the replenishment 

55 amount can be prevented which may othenwise occur 
due to thermal expansion and contraction of the replen- 
ishment liquid transport pipe and the replenishment liq- 
uid present in the replenishment liquid transport pipe. 
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[0065] The minor constituent managing section is 
preferably housed in a minor constituent managing sec- 
tion enclosure having an air outlet port. An air outlet pipe 
for exhausting air from the minor constituent managing 
section enclosure Is preferably connectable to the air s 
outlet port. In this case, the minor constituent managing 
section preferably further comprises an air exhaustion 
pressure sensor attached to the air outlet pipe for meas- 
uring an air exhaustion pressure. 
[0066] With this arrangement, gas in the minor con- 
stituent managing section enclosure can be exhausted 
through the air outlet pipe connected to the air outlet 
port. In the CVS analysis or the CPVS analysis, the ro- 
tary electrode is immersed in the to-be-anatyzed plating 
liquid contained in the analyzing cup, and rotated, for 
example, at a rotation speed of 2500 rpm. Therefore, 
the plating liquid is stirred at a high speed by the support 
rod for the rotary electrode, so that mist is generated. 
The mist is exhausted from the minor constituent man- 
aging section enclosure through the air outlet pipe so as 
not to remain in the minor constituent managing section 
enclosure. 

[0067] The air exhaustion pressure sensor is em- 
ployed for checking whether or not air is exhausted from 
the minor constituent managing section enclosure at a 
proper air exhaustion pressure. An output of the air ex- 
haustion pressure sensor may be inputted to the minor 
constituent management controller. In this case, an au- 
dible alamn may be given under the control of the minor 
constituent management controller to call operator's at- 
tention when air is not properly exhausted for some rea- 
son. 

[0068] The air outlet pipe is preferably adapted to ex- 
haust air locally from a portion of the minor constituent 
managing section enclosure adjacent to the analyzing 
cup. In addition to this air outlet pipe, another air outlet 
pipe may be provided for exhausting air from the entire 
minor constituent managing section enclosure, 
[0069] A plating apparatus according to another as- 
pect of the present invention is adapted to perform a 
plating process on a surface of a generally round sem- 
iconductor wafer having a plurality of fine holes or 
grooves fomned in the surface thereof and a barrier layer 
and a seed layer sequentially provided on the surface 
as covering the holes or grooves. The apparatus com- 
prises: a cassette stage for receiving thereon a cassette 
which is capable of accommodating a semiconductor 
wafer to be treated; a plating unit; a cleaning unit for 
cleaning the semiconductor wafer; a wafer transport 
mechanism for transporting the semiconductor wafer; a 
post-treatment agent supplying section for post-treat- 
ment of the semiconductor wafer; a minor constituent 
managing section for managing minor constituents of a 
plating liquid; an enclosure which houses a wafer treat- 
ing section including the plating unit, the cleaning unit 
and the wafer transport mechanism; and a system con- 
troller for controlling the entire plating apparatus. 
[0070] The plating unit comprises a cathode ring hav- 



ing a cathode to be brought into contact with the semi- 
conductor wafer and rotatable together with the semi- 
conductor wafer kept in contact with the cathode, and a 
plating cup having an anode provided therein and capa- 
ble of containing the plating liquid which comprises sul- 
furic acid as a supporting electrolyte, copper sulfate as 
a metal salt containing a target metal, and a plating ac- 
celerating additive, a plating retarding additive and chlo- 
rine as the minor constituents. 
[0071 ] The cleaning unit comprises a cup for cleaning 
the semiconductor wafer therein, the cup having a drain 
port, a wafer holding mechanism provided in the cup for 
holding the semiconductor wafer, a wafer rotating mech- 
anism for rotating the semiconductor wafer held by the 
wafer holding mechanism, and a deionized water supply 
nozzle for supplying deionized water to opposite sides 
of the semiconductor wafer held by the wafer holding 
mechanism. The cleaning unit is connected to an air ex- 
haustion mechanism for exhausting air from the cup. 
[0072] The wafer transport mechan ism comprises an 
extendible amn for holding the semiconductor wafer 
generally horizontally, a vertical movement mechanism 
for moving up and down the ami, and a horizontal rota- 
tion mechanism for rotating the semiconductor wafer 
held by the arm within a generally horizontal plane. 
[0073] The post-treatment agent supplying section 
comprises a post-treatment agent tank which contains 
a post-treatment agent to be used in the cleaning unit, 
and a tank enclosure which houses the post-treatment 
agent tank therein. 

[0074] The minor constituent managing section com- 
prises an analyzing section for quantitatively analyzing 
the plating liquid being used in the plating unit, a minor 
constituent managing section enclosure which houses 
the analyzing section, and a minor constituent manage- 
ment controller for controlling the entire minor constitu- 
ent managing section. 

[0075] The enclosure comprises a barrier wall for iso- 
lating the inside thereof from an external environment, 
a frame which supports the wafer treating section, and 
a filter provided in an upper portion thereof. The enclo- 
sure has a loading/unloading port for loading and un- 
loading the semiconductor wafer or the cassette capa- 
ble of accommodating the semiconductor wafer, a 
deionized water pipe introduction port through which a 
deionized water pipe is introduced, a compressed air 
pipe introduction port through which a compressed air 
pipe is introduced, an air outlet opening provided in a 
bottom of the enclosure for exhausting air from the en- 
closure, and an air outlet pipe connection port connect- 
ed to an air outlet pipe for exhausting air from the en- 
closure. 

[0076] The system controller comprises a plurality of 
printed circuit boards, a central processing unit, a stor- 
age device having a semiconductor memory and a mag- 
netic memory and storing therein a plating apparatus 
control program at least partly described in a high-level 
language, and a serial port. The system controller is 
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connected to a keyboard having alphanumeric keys and 

to a display. 

[0077] The minor constituent management controller 
of the minor constituent managing section comprises a 
plurality of printed circuit boards, a central processing 
unit, a semiconductor memory storing therein a minor 
constituent analyzing program at least partly described 
In a high-level language for analyzing the minor constit- 
uents of the plating liquid, and a serial port. The minor 
constituent management controller is connected to a 
Iceyboard having alphanumeric keys and to a display. 
[00781 The analyzing section comprises an analyzing 
cup for containing a part of the plating liquid to be ana- 
lyzed, a plurality of reagent containers which respective- 
ly contain analytic reagents, a plurality of syringe pumps 
for quantitatively dispensing the reagents from the re- 
spective reagent containers, a plurality of reagent sup- 
ply nozzles for supplying the regents quantitatively dis- 
pensed by the respective syringe pumps into the ana- 
lyzing cup, a reference electrode and a counter elec- 
trode adapted to be located in the analyzing cup, a rotary 
electrode of platinum supported at a distal end of an in- 
sulatlve support rod rotatable about an axis thereof and 
adapted to be located in the analyzing cup, and a po- 
tentiostat for controlling an electric current flowing be- 
tween the counter electrode and the rotary electrode so 
that a voltage between the reference electrode and the 
rotary electrode is equalized with a sweep voltage spec- 
ified by the minor constituent management controller 
[0079] The minor constituent managing section en- 
closure has an air outlet port to which an air outlet pipe 
is attached for exhausting air from the minor constituent 
managing section enclosure. A vat for receiving the re- 
agents being used in the minor constituent managing 
section is provided In the minor constituent managing 
section enclosure. 

[00801 According to the present invention, a plating 
process and a clean ing process can respectively be per- 
formed by the plating unit and the cleaning unit in the 
single plating apparatus. 

[00811 The cassette placed on the cassette stage can 
accommodate an untreated wafer as well as a wafer 
subj ected to the plating process and the cleaning proc- 
ess. In the plating unit, the wafer kept in contact with the 
cathode is brought into contact with the plating liquid - 
contained in the plating cup, and the cathode and the 
anode are energized, whereby the wafer is plated with 
copper. 

[00821 The cleaning unit is adapted to rinse off the 
plating liquid adhering on the wafer with deionized water i 
for clean Ing the wafer. At this time, the wafer held by the 
wafer holding mechanism can evenly be cleaned by 
supplying deionizedwater to the wafer from the deion- 
izedwater supply nozzle while rotating the wafer by the 
wafer rotating mechanism. 5 
[0083] The cleaning unit may further comprise a 
cleaning liquid supply nozzle for supplying a cleaning 
liquid as the post-treatment agent to the wafer held by 



the wafer holding mechanism. In this case, the cleaning 
liquid is contained in the post-treatment agent supplying 
section and supplied to the cleaning liquid nozzle from 
the post-treatment agent supplying section. The plating 
5 apparatus may further comprise a bevel etching unit for 
etching a peripheral edge of the wafer. In this case, the 
post-treatment agent supplying section may be adapted 
to contain and supply an etching liquid. 
[0084] Under the control of the system controller, the 
10 untreated wafer is unloaded from the cassette and 
transported, for example, to the plating unit and then to 
the cleaning unit by the wafer transport mechanism so 
as to be automatically subjected to the plating process 
and the cleaning process in sequence, and loaded again 
^5 into the cassette. 

[0085] Since the wafer treating section is housed in 
the enclosure, treating processes Including the plating 
process and the cleaning process can be performed in 
a clean atmosphere Isolated from an external environ- 
20 ment. Air is exhausted from the enclosure through the 
air outlet pipe to reduce the internal pressure of the en- 
closure to a negative level, and outside air is Introduced 
into the enclosure through the filter for removal of con- 
taminants therefrom. Further, outside air is forcibly in- 
?5 troduced into the enclosure through the filter by a fan, 
and air is let out of the enclosure through the air outlet 
opening. Thus, the down-flow of clean air occurs in the 
enclosure. 

[0086] Deionized waterto be used in the cleaning unit 
can be supplied from the deionized water pipe intro- 
duced through the deionized water pipe introduction 
port formed in the enclosure. Some of the driving mech- 
anisms employed in the plating unit and the cleaning unit 
may be adapted to be pneumatically driven. Com- 
5 pressed air for driving the driving mechanisms is sup- 
plied from the compressed air pipe introduced through 
the compressed air pipe introduction port fonned in the 
enclosure. 

[0087] During repetitive use of the plating liquid forthe 
0 plating process, the concentrations of the minor constit- 
uents in the plating liquid change to be reduced below 
predetemriined concentration levels (concentration 
ranges). According to the present invention, the minor 
constituent managing section is capable of quantitative- 
5 ly analyzing the plating accelerator, the plating retarder 
and chlorine as the minor constituents. 
[0088] Thus, the concentration levels of the acceler- 
ator, the retarder and chlorine in the plating liquid can 
be determined, so that an operator can adjust the ac- 
> celerator concentration, the retarder concentration and 
thechlorineconcentrationtothepredetermined concen- 
tration levels by adding proper amounts of the acceler- 
ator, the retarder and chlorine to the plating liquid being 
used in the wafer treating section. Therefore, the plating 
apparatus can easily and properly perfomi the plating 
process on the wafer by employing the plating liquid 
containing the minor constituents at the predetemiined 
concentration levels. 
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[0089] The analyzing section provided in the minor 
constituent managing section performs a CVS analysis 
or a CPVS analysis in the following manner First, a pre- 
determined amount of the plating liquid to be analyzed 
is contained in the analyzing cup, and then the electric 
current flowing between the counter electrode and the 
rotary electrode (action electrode) energized by the po- 
tentiostat is controlled so that the voltage between the 
rotary electrode and the counter electrode immersed in 
the plating liquid is equalized with the sweep voltage 
(command voltage) specified by the minor constituent 
management controller. 

[0090] The command voltage is swept so as to fluc- 
tuate in a predetemiined cycle. Thus, deposition and 
stripping of copper with respect to the action electrode 
cyclically occur An electric current flowing through the 
action electrode when copper is stripped from the action 
electrode has a certain correlation with the concentra- 
tion of the accelerator or the retarder in the plating liquid. 
Therefore, the concentration of the accelerator or the 
retarder can be detennined by monitoring the electric 
current flowing through the action electrode. 
[0091] In the CVS analysis or the CPVS analysis, 
proper reagents are supplied into the plating liquid from 
the reagent supply nozzles. For the analysis of the ac- 
celerator, for example, a reagent containing the retarder 
is supplied from the reagent supply nozzle into the plat- 
ing liquid being analyzed. Thus, the concentration of the 
retarder Is increased for saturation of an influence of the 
retarder For the analysis of the retarder, a base liquid 
for diluting the accelerator is supplied from the reagent 
supply nozzle into the plating liquid being analyzed. 
Thus, an influence of the accelerator is nullified. 
[0092] The analyzing section may further comprise a 
reference electrode anda silver/silver chloride (Ag/Ag- 
Cl) electrode for a titrimetric analysts. In this case, a po- 
tential difference between the reference electrode and 
the silver/silver chloride electrode is monitored while a 
silver nitrate aqueous solution is added dropwise to the 
plating liquid from the reagent supply nozzle for the titr- 
imetric analysis of chlorine in the plating liquid. 
[0093] Gas can be exhausted from the minor constit- 
uent managing section enclosure through the air outlet 
pipe connected to the air outlet port. When the CVS 
analysis or the CPVS analysis is perfomned in the ana- 
lyzing section of the minor constituent managing sec- 
tion, the rotary electrode is immersed in the plating liquid 
contained in the analyzing cup for the analysis, and ro- 
tated, for example, at a rotation speed of 2500 rpm. 
Therefore, the plating liquid is stirred at a high speed by 
the support rod for the rotary electrode, so that mist is 
generated. The mist is exhausted from the minor con- 
stituent managing section enclosure through the air out- 
let pipe so as not to remain in the minor constituent man- 
aging section enclosure. An air outlet pipe dedicated to 
this purpose is preferably provided as extending to the 
vicinity of the analyzing cup. 

[0094] If any of chemical agents such as the analytic 



reagents and the to-be-analyzed plating liquid happens 
to leak out, the leaked chemical agent can be received 
in the vat for prevention of spread of chemical contam- 
ination of the apparatus. A sensor for detecting the leak- 
5 age of the chemical agents is preferably provided in the 
vat. 

[0095] A plating method according to further another 
inventive aspect comprises the steps of: plating a sem- 
iconductor wafer In a wafer treating section with the use 
10 of a plating liquid containing a plating accelerating ad- 
ditive, a plating retarding additive and chlorine; trans- 
porting a part of the plating liquid being used in the wafer 
treating section into an analyzing cup; analyzing the 
plating liquid in the analyzing cup after the plating liquid 
15 transporting step by perfomiing, in a given order, at least 
two analyzing steps selected from a first analyzing 
stepforquantitativelyanalyzingtheplatingaccelerating 
additive through a CVS analysis or a CPVS analysts, a 
second analyzing step for quantitatively analyzing the 
20 plating retarding additive through a CVS analysis or a 
CPVS analysis, and a third analyzing step for quantita- 
tively analyzing chlorine through a titrimetric analysis; 
and replenishing the plating liquid with the plating accel- 
erating additive, the plating retarding additive and chlo- 
25 rine by adding replenishment liquids respectively con- 
taining the plating accelerating additive, the plating re- 
tarding additive and chlorine in amounts determined on 
the basis of results of the analysis performed in the an- 
alyzing step to the plating liquid being used in the wafer 
30 treating section. 

[0096] The plating liquid transporting step preferably 
comprises the steps of: transporting a part of the plating 
liquid being used in the wafer treating section to a sam- 
pling vessel provided in the vicinity of the analyzing cup; 
35 and transporting the plating liquid from the sampling 
vessel to the analyzing cup. 

[0097] The replenishing step may comprise the steps 
of: 

40 supplying a part of the plating liquid being used in 
the wafer treating section into a preparation vessel; 
preliminarily supplying the replenishment liquids in- 
to the plating liquid in the preparation vessel; and 
transporting the resulting plating liquid from the 
45 preparation vessel to the wafer treating section after 
the plating liquid supplying step and the preliminary 
replenishment liquid supplying step. 

[0098] The third analyzing step may comprise the 
50 steps of: performing the titrimetric analysis with the use 
of a silver/silver chloride electrode; and retracting the 
silver/silver chloride electrode from the analyzing cup 
and cleaning the analyzing cup after the titrimetric anal- 
ysis step. 

55 [0099] The foregoing and other objects, features and 
effects of the present invention will become more appar- 
ent from the following description of the preferred em- 
bodiments with reference to the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0100] 

Fig. 1 is a block diagram illustrating the construction 
of a substrate treating apparatus according to one 
embodiment of the present Invention; 
Fig. 2 is a schematic plan view of a wafer treating 

section; 

Fig. 3 is a schematic perspective view illustrating 
the construction of an enclosure of the wafer treat- 
ing section; 

Fig, 4 is a schematic sectional view illustrating a 
jack bolt and a frame; 

Figs. 5(a), 5(b) and 5(c) are diagrams for explaining 
the construction of a robot body; 
Figs. 6(a) and 6(b) are a schematic plan view and 
a schematic side view, respectively, of a cassette 
stage on which a cassette is placed; 
Fig. 7 is a schematic front view illustrating the con- 
struction of a plating section; 
Fig. 8 is a diagram illustrating a relationship be- 
tween the concentration of copper in a plating liquid 
samples and a measured absorbance; 
Fig. 9 is a schematic sectional view illustrating the 
construction of a plating unit; 
Fig. 10 Is a schematic sectional view illustrating a 
portion around a rotary pipe on a greater scale; 
Fig. 11 is a schematic sectional view illustrating a 
portion around a wafer as observed in a plating 
process; 

Fig. 1 2 is a schematic sectional view of a rotary joint; 
Figs. 13(a) and 13 (b) are schematic plan views of 
a cathode ring; 

Figs. 14(a), 14(b) and 14(c) are schematic plan 
views and a schematic sectional view illustrating the 
shape of a cathode; 

Fig. 16 is a schematic diagram illustrating an elec- 
trical equivalent circuit in a plating vessel; 
Fig. 1 6 is a schematic sectional view illustrating the 
plating unit with a spin base facing upward; 
Fig. 1 7 is a schematic side view of the plating unit; 
Fig. 18 is a schematic side view of a plating cup; 
Fig. 1 9 is a schematic sectional view illustrating the 
construction of a bevel etching unit; 
Fig. 20 is a schematic sectional view illustrating the 
construction of a cleaning unit; 
Fig. 21 is a block diagram illustrating the construc- 
tion of a control system for the wafer treating sec- 
tion; 

Fig. 22 is a schematic diagram illustrating the con- 
struction of a major constituent managing section; 
Fig. 23 is a schematicperspective view illustrating 
the construction of a post-treatment agent supply- 
ing section; 

Fig. 24 is a block diagram illustrating the construc- 
tion of control systems for the major constituent 
managing section, a minor constituent managing 
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section and the post-treatment agent supplying 
section; 

Fig. 25 is a schematic diagram illustrating the con- 
struction of the minor constituent managing section 
and connection between the minor constituent 
managing section and plating sections; 
Fig. 26 is a block diagram Illustrating the construc- 
tion of the minor constituent managing section In 
detail; 

Fig. 27 Is a schematic diagram illustrating the con- 
struction of a sampling section; 
Fig. 28 is a schematic diagram illustrating the con- 
struction of an analyzing cup; 
Fig. 29 is a schematic diagram illustrating the con- 
struction of a replenishment section; 
Fig, 30 is a schematic diagram illustrating the con- 
struction of a reagent supplying section; 
Fig. 31 is a schematic diagram illustrating the con- 
struction of a pressure increasing/reducing section; 
Fig. 32 is a schematic perspective view illustrating 
the construction of the minor constituent managing 
section; 

Fig. 33 is a schematic diagram illustrating the con- 
struction of a utility section; 
Fig. 34 is a block diagram illustrating the construc- 
tion of the control system for the minor constituent 
managing section; 

Fig. 35 is a diagram illustrating a relationship of the 
amount of an added silver nitrate aqueous solution 
versus a potential difference between a reference 
electrode and a silver/silver chloride electrode; and 
Fig. 36 is a diagram illustrating a relationship of a 
voltage between an action electrode and a refer- 
ence electrode versus an electric current flowing 
between a counter electrode and the action elec- 
trode In a CVS analysis. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0101] Fig. 1 Is a block diagram illustrating the con- 
struction of a plating apparatus 1 0 according to one em- 
bodiment of the present invention. 
[0102] The plating apparatus 10 includes a wafer 
45 treating section 1 for plating a surface of a semiconduc- 
tor wafer (hereinafter referred to simply as "wafer") with 
the use of a plating liquid and etching (bevel-etching) a 
peripheral edge of the wafer after the plating, a major 
constituent managing section 2 having a copper supply 
so source for supplying copper Ions to the plating liquid for 
management of the concentrations of maj or constitu- 
ents of the plating liquid, a minor constituent managing 
section 3 for managing minor constituents of the plating 
liquid, and a post-treatment agent supplying section 4 
55 for supplying a post-treatment agent to the wafer treat- 
ing section 1 for post-treatment of the wafer after the 
plating. The plating apparatus 10 is disposed in a clean 
room. 
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[0103] The plating liquid for use in the wafer treating 
section 1 contains sulfuric acid (supporting electrolyte), 
copper ions (target metal), iron (oxidizing/reducing 
agent) and water as major constituents thereof. The 
plating liquid further contains a plating accelerating ad- s 
ditive (brightener), a plating retarding additive (sup- 
presser) and chlorine (which serves to retain these ad- 
ditives on a surface of the wafer) as minor constituents 
thereof. 

[0104] Two plating liquid transport pipes PI 2a. PI 2b io 
extend between the wafer treating section 1 and the ma- 
jor constituent managing section 2 for transporting the 
plating liquid between these sections in opposite direc- 
tions. Similariy. a sampling pipe 322 and a replenish- 
ment pipe 324 extend between the wafer treating sec- '5 
tion 1 and the minor constituent managing section 3 for 
transporting the plating liquidbetween these sections in 
opposite directions. Further, a post-treatment agent 
pipe PI 4 extends between the wafer treating section 1 
and the post-treatment agent supplying section 4 for 20 
supplying the post-treatment agent from the post-treat- 
ment agent supplying section 4 to the wafertreating sec- 
tion 1. 

[01 05] The wafer treating section 1 includes a system 
controller for controlling the entire plating apparatus 1 0. 25 
The wafer treating section 1 is connected to the major 
constituent managing section 2, the minor constituent 
managing section 3 and the post-treatment agent sup- 
plying section 4 via signal lines LI 2. L13 and LI 4, re- 
spectively. The operations of the major constituent man- 30 
aging section 2, the minor constituent managing section 
3 and the post-treatment agent supplying section 4 are 
controlled by the system controller provided in the wafer 
treating section 1 . 

[0106] The plating liquid being used in the wafer treat- 35 
ing section 1 is transported (sampled) into the minor 
constituent managing section 3 through the sampling 
pipe 322. The minor constituent managing section 3 is 
capable of analyzing at least one of the minor constitu- 
ents through a CVS (cyclicvoltammetricstripping) anal- 40 
ysis. The minor constituent managing section 3 Includes 
a minor constituent management controller, which is ca- 
pable of calculating the amounts of the minor constitu- 
ents to be added to the plating liquid in the wafer treating 
section 1 so as to adjust the concentrations of the minor 45 
constituents of the plating liquid within predetemiined 
concentration ranges. Under the control of the minor 
constituent management controller, the minor constitu- 
ents are supplied in the amounts thus calculated to the 
plating liquid in the wafer treating section 1 through the so 
replenishment pipe 324. 

[0107] The post-treatment agent supplying section 4 
includes an agent tank containing the post-treatment 
agent, and an agent supply mechanism for supplying 
the post-treatment agent from the agent tank to the wa- 55 
fer treating section 1 . Examples of the post-treatment 
agent Include an etching liquid to be used for the bevel 
etching and a cleaning liquid. 



[0108] Fig. 2 is a schematic plan view of the wafer 

treating section 1 . 

[0109] The wafer treating section 1 is adapted to per- 
fomi a plating process for forming a thin copper film on 
the surface of the wafer W, then perform an etching 
process for etching the peripheral edge of the wafer W, 
and perform a cleaning process for cleaning the entire 
surfaces of the wafer W. 

[0110] A wafer loading/unloading section 19 is dis- 
posed along a first transport path 14 extending linearly 
horizontally. In the wafer loading/unloading section 19. 
a plurality of cassette stages 1 6 (four cassette stages in 
this embodiment) which are each adapted to receive 
thereon one cassette C capable of accommodating a 
wafer W are arranged along the first transport path 14. 
The wafer W is of a generally round shape, and has a 
multiplicity of fine holes or grooves fonned in the to-be- 
treated surface thereof and a barrier layer and a seed 
layer fomried on the surface thereof. 
[0111] A second linear transport path 15 is provided 
horizontally and perpendicularly to the first transport 
path 14. In this embodiment, the second transport path 
15 extends from a middle portion of the first transport 
path 14. Aplating section 12 including four plating units 
20a to 20d arranged along the second transport path 15 
Is provided on one side of the second transport path 15. 
The plating units 20a to 20d are each adapted to plate 
the surface of the wafer W with copper. 
[01 12] A post-treatment section 1 3 including two bev- 
el etching units 21a, 21b and two cleaning units (spin- 
cleaning units) 22a, 22b arranged along the second 
transport path 15 is provided on the other side of the 
second transport path 15. The bevel etching units 21a. 
21 b are each adapted to etch the peripheral edge of the 
wafer W, while the cleaning units 22a, 22b are each 
adapted to clean opposite sides of the wafer W. 
[0113] The first transport path 14 and the second 
transport path 15 constitute a T-shaped transport path, 
and a single transport robot TR is provided on the T- 
shaped transport path. The transport robot TR includes 
transport guide rails 17 disposed along the second 
transport path 15, and a robot body 18 movable along 
the transport guide rails 1 7. The operation of the trans- 
port robot TR is controlled by a transport controller 29. 
[0114] The robot body 18 is capable of transporting 
the wafer W along the first transport path 14 and along 
the second transport path 1 5. Therefore, the robot body 
1 8 can access any of the cassettes C placed on the cas- 
sette stages 1 6 to load and unload a wafer W, and ac- 
cess any of the plating units 20a to 20d, the bevel etch- 
ing units 21 a, 21 b and the cleaning unit 22a, 22b to load 
and unload the wafer W. 

[0115] A basic wafer transport route and a bask: proc- 
ess sequence are as follows. First, an untreated wafer 
W is unloaded from one of the cassettes C, then trans- 
ported to the front of one of the plating units 20a to 20d, 
and loaded into the plating unit 20a to 20d by the robot 
body 18 so as to be subjected to the plating process. In 
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turn, the wafer W subjected to the plating process is un- 
loaded from the plating unit 20a to 20d, and loaded into 
one of the bevel etching units 21a, 21b so as to be sub- 
jected to the bevel etching process. 
[0116] Subsequently, the wafer W subjected to the 
bevel etching process is unloaded from the bevel etch- 
ing unit 21a, 21b, then transported along the second 
transport path 15, and loaded into one of the cleaning 
units 22a, 22b by the robot body 1 8 so as to be subjected 
to the cleaning process. 

[01 1 7] Further, the wafer W subjected to the cleaning 
process Is unloaded from the cleaning unit 22a, 22b and 
then transported along the second transport path 15 to- 
ward the first transport path 14 by the robot body 18. 
Upon reaching the first transport path 1 4, the robot body 
1 8 starts moving along the first transport path 1 4 toward 
a cassette C placed on one of the cassette stages 16, 
and loads the wafer W on the cassette C. 
(01 18] Fig. 3 is a schematic perspective view illustrat- 
ing the construction of an enclosure 30 of the wafer 
treating section 1 . 

[0119] The enclosure 30 has a generally rectangular 
box-like outer shape defined by a plurality of barrier 
walls (boundary walls). In the enclosure 30, partition 
walls are provided between the second transport path 
15 and the plating section 12 and between the second 
transport path 1 5 and the post-treatment section 1 3. The 
space of the second transport path 15 is isolated from 
the space of the plating section 12 and from the space 
of the post-treatment section 1 3, except when the wafer 
W is loaded and unloaded with respect to these sec- 
tions. 

[0120] A filter 31 for filtering off contaminants in air is 
provided in a top barrier wall of the enclosure 30. The 
filter 31 includes a first filter 31 a disposed above the cas- 
sette stages 1 6, the first transport path 1 4 and the sec- 
ond transport path 15, and a second filter 31 b disposed 
above the post-treatment section 13. Fans not shown 
are provided above the first filter 31a for forcibly intro- 
ducing external air into the enclosure 30. 
[01 21] A plurality of slit-like openings 36 are provided 
in a portion of the enclosure 30 below the second trans- 
port path 15 as extending longitudinally of the second 
transport path 15. Since the space of the second trans- 
port path 15 is Isolated by the enclosure 30 and the in- 
ternal partitions, the space of the second transport path 
15 is kept at a positive pressure when air is forcibly in- 
troduced into the enclosure 30 through the first filter 31 a. 
Therefore, internal air is exhausted from the enclosure 
30 through the openings 36. Thus, air flows from the up- . 
per side toward the lower side (the down-flow of air oc- 
curs) in the space of the second transport path 15. 
[0122] Since no reagent is used in the space of the 
second transport path 15, the air flowing through this 
space is not contaminated. Therefore, the air flowing i 
through the space of the second transport path 1 5 Is ex- 
hausted through the openings 36 around the enclosure 
30. 



[0123] Air outlet ports 34h, 35h are respectively pro- 
vided In a lower portion of a barrier wall defining the plat- 
ing section 12 and a lower portion of a barrier wall de- 
fining the post-treatment section 1 3 on a side of the en- 
5 Closure 30 opposite from the cassette stages 16. The 
air outlet port 34h is connected to one end of an air outlet 
duct 34, while the air outlet port 35h Is connected to one 
end of an air outlet duct 35. The other ends of the air 
outlet ducts 34, 35 are connected to an in-plant ex- 
10 hauster system line. Thus, air possibly exposed to the 
plating liquid and the post-treatment agent in the plating 
section 12 and the post-treatment section 13 can forci- 
bly be exhausted outside the clean room. 
[0124] By forcibly exhausting the air from the post- 
15 treatment section 1 3 through the air outlet port 35h, the 
internal pressure of the post-treatment section 13 Is kept 
at a negative pressure, so that external air Is sucked Into 
the post-treatment section 13 through the second filter 
31b. Thus, airflows downward in the space of the post- 
20 treatment section 13. 

[0125] A deionized water pipe introduction port 32h 
and a compressed air pipe introduction port 33h are pro- 
vided In the vicinity of the air outlet port 36h in the barrier 
wall fomned with the air outlet port 35h. A deionized wa- 
25 ter pipe 32 and a compressed air pipe 33 for supplying 
deionized water and compressed air for use In the wafer 
treating section 1 are introduced into the wafer treating 
section 1 through the deionized water pipe introduction 
port 32h and the compressed air Introduction port 33h, 
30 respectively. 

[0126] A frame 37 formed by combining Iron structural 
parts is attached to a lower peripheral edge of the en- 
closure 30 to support the entire wafer treating section 1 . 
A plurality of jack bolts 38 are attached to the frame 37 
35 as properly spaced longitudinally of the structural parts 
of the frame 37. The frame 37 is supported by the jack 
bolts 38 so as to be spaced a predetermined distance 
from the floor of the clean room in which the wafer treat- 
ing section 1 is disposed. 
40 [0127] Fig. 4 is a schematic sectional view Illustrating 
the jack bolt 38 and the frame 37. 
[01 28] The structural parts of the frame 37 each have 
a laterally open U-shaped cross section , and include two 
generally horizontal and parallel plate portions. A lower 
*5 one of the plate portions serves as a support plate 37a 
which has an internal thread portion. The jack bolt 38 
includes a bolt portion 38b having an external thread 
portion provided on its circumference, a generally round 
base disk 38a fixed generally perpendiculariy to a lower 
'>o end of the bolt portion 38b, and a lock nut 38c fitted 
around the bolt portion 38b. 

[01 29] The bolt portion 38b is engaged with the inter- 
nal thread portion of the support plate 37a and extends 
generally vertically through the support plate 37a. The 
5 lock nut 38c is tightened toward the support plate 37a 
from the lower side of the support plate 37a. A distance 
between the base disk 38a and the support plate 37a, 
i.e. , the height of the frame 37 from the floor of the cleari 
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room, is adjustable by variably positioning the support 
plate 37a with respect to the length of the bolt portion 
38b. 

[0130] For the adjustment of the height of the frame 
37, the lock nut 38c Is loosened (the lock nut 38c is ro- 
tated with respect to the bolt portion 38b so as to be 
moved apart from the support plate 37a), and then the 
base disk 38a is rotated in a proper direction. Thus, the 
bolt portion 38b is rotated together with the base disk 
38a, so that the position of the support plate 37a with 
respect to the length of the bolt portion 38b is changed 
for the adjustment of the height of the frame 37 from the 
floor of the clean room. After the adjustment, the lock 
nut 38c is tightened toward the support plate 37a, 
whereby the bolt portion 38b is locked with respect to 
the support plate 37a. 

[0131] The plurality of jack bolts 38 attached to the 
frame 37 have the same construction as shown in Fig. 
4. Therefore, the leveling adjustment of the wafer treat- 
ing section 1 can be achieved by attaching at least three 
jack bolts 38 to the frame 37 and adjusting the positions 
of the support plates 37a with respect to the lengths of 
the bolt portions 38b. 

[0132] Figs. 5(a), 5(b) and 5(c) are diagrams for ex- 
plaining the construction of the robot body 18. Particu- 
larty, Figs. 5(a), 5(b) and 5(c) are a schematic plan view, 
a schematk: side view and a schematic front view, re- 
spectively, of the robot body 1 8. 
[01 33] The robot body 1 8 includes a base 23, a verti- 
cal articulated arm 24 attached to the base 23, a pivotal 
driving mechanism 25 attached to the vertical articulat- 
ed arm 24, and a substrate holder 26 to be driven piv- 
otally about a vertteal pivot axis VO by the pivotal driving 
mechanism 25 (only the substrate holder 26 Is shown 
in Fig. 5(a)). 

[0134] The substrate holder 26 includes a body 40 
having a flat top, and a pair of retractable arms 41 , 42 
provided on the flat top of the body 40. A retractable 
driving mechanism (not shown) for horizontally advanc- 
ing and retracting the pair of retractable arms 41 , 42 is 
incorporated in the body 40. 

[0135] The retractable arms 41 and 42 respectively 
include first arm portions 41 a and 42a, second arm por- 
tions 41b and 42b, and substrate holder hands (effect- 
ers) 41c and 42c. The body 40 has a generally round 
shape as seen in plan, and the first ami portions 41a, 
42a are attached to a peripheral edge portion of the body 
40 pivotally about vertical pivot axes thereof. The first 
arm portions 41 a, 42a are driven pivotally about the piv- 
ot axes by the retractable driving mechanism provided 
in the body 40. 

[0138] The retractable anms 41 , 42 each constitute a 
so-called scholar robot, which is operative so that the 
second arm portion 41b, 42b is pivoted about a vertical 
pivot axis thereof in synchronization with the pivoting of 
the first arm portion 41a, 42a. Thus, the first arm portion 
41a, 42a and the second arm portion 41b, 42b of the 
retractable arm 41 , 42 are stretched and unstretched so 



as to advance and retract the substrate holder hand 41 c. 
42c. 

[0137] When the retractable amis 41 , 42 are in an un- 
stretched state, the substrate holder hands 41c, 42c are 
s kept in vertically overiapped relation (Fig. 5(a)). There- 
fore, the substrate holder hand 41c of the retractable 
arm 41 has a bent shape for prevention of interterence 
with the substrate holder hand 42c of the retractable ami 
42 (Fig. 5(b)). 

10 [0138] The vertbal articulated arm 24 includes a first 
arm 24a and a second arm 24b. The first arm 24a is 
attached to the base 23 pivotally about a horizontal pivot 
axis HI at one end thereof. The second arm 24b is at- 
tached to the other end of the first arm 24a pivotally 

IS about a horizontal pivot axis H2 at one end thereof. The 
pivotal driving mechanism 25 is attached to the other 
end of the second arm 24b pivotally about a horizontal 
pivot axis H3. The pivot axes H 1 , H2 and H3 are parallel 
to each other. 

20 [0139] Amotor 27 for pivoting the first ami 24a is pro- 
vided in the base 23, and a motor 28 for pivotally driving 
the second arm 24b is provided in a coupling between 
the first ami 24a and the second ami 24b. The motor 28 
is rotatable in synchronization with the motor 27. A driv- 

25 ing force transmission mechanism (not shown) for trans- 
mitting a driving force from the motor 28 to the pivotal 
driving mechanism 25 is incorporated in the second arm 
24b. Thus, the pivotal driving mechanism 25 can con- 
stantly hold the substrate holder 26 in the same attitude 

30 (e.g., in such an attitude as to hold the wafer W horizon- 
tally), even if the first arm 24a and the second arm 24b 
are pivoted. 

[01 40) A motor (not shown) is incorporated in the piv- 
otal driving mechanism 25. The pivotal driving mecha- 
35 nism 25 receives a driving force from this motor to piv- 
otally drive th e substrate holder 26 about the vertical piv- 
ot axis VO. 

[0141] With this arrangement, the transport robot TR 
can move the substrate holder hands 41c, 42c horizon- 

40 tally and vertically within a range hatched in Fig. 5(c). 
[01 42] When the robot body 1 8 accesses the cassette 
C placed on the cassette stage 1 6 (see Fig. 2), the robot 
body 18 is moved to ends of the transport guide rails 1 7 
on the side of the first transport path 1 4 by the transport 

45 controller 29. In this state, the substrate holder 26 is 
brought into opposed relation to the cassette C on the 
cassette stage 1 6 by the operation of the vertrcal artic- 
ulated ami 24. That is, the substrate holder 26 can be 
moved along the first transport path 14, while the base 

50 23 is kept located on the transport guide rails 17. 

[01 43] Then, the retractable arm 41 , 42 is brought into 
opposed relation to the cassette C by the operation of 
the pivotal driving mechanism 25, and caused to access 
the cassette C by the retractable driving mechanism not 

55 shown for loading and unloading the wafer W with re- 
spect to the cassette C. When the waf er W is transfen-ed 
between the cassette C and the retractable ami 41 , 42, 
the substrate holder 26 is slightly moved up or down by 
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the operation of the vertical articulated arm 24. 
[0144] When the robot body 1 8 accesses any of the 
plating units 20a to 20d, the bevel etching units 21 a, 21 b 
and the cleaning units 22a, 22b (see Fig. 2), the robot 
body 1 8 is moved to the front of the corresponding un it s 
on the transport guide rails 17 by a movement mecha- 
nism not shown. In this state, the substrate holder 26 is 
moved up or down to the height of a substrate loading/ 
unloading port of the unit by the operation of the vertical 
articulated arm 24, and the retractable arm 41, 42 is w 
brought into opposed relation to the unit by pivoting the 
substrate holder 26 by means of the pivotal driving 
mechanism 25. 

[0145] In this state, the retractable arm 41, 42 is 
caused to access the unit by the retractable driving is 
mechanism for the loading and unloading of the wafer 
W. When the wafer W is transferred between the unit 
and the retractable amn 41 , 42, the substrate holder 26 
is slightly moved up or down by the operation of the ver- 
tical articulated arm 24. 20 
[0146] With this arrangement, the cassette C, the plat- 
ing units 20a to 20d, the bevel etching units 21a, 21b 
and the cleaning units 22a, 22b can be accessed by the 
single robot body 1 8 for the loading and unloading of the 
wafer W. 25 
[01 47] The wafer W subjected to the plating process 
in the plating unit 20a to 20d (hereinafter referred to as 
"entire-surface-plated wafer") has a copper film fonned 
on the entire surface thereof including the peripheral 
edge thereof by the plating, before the wafer W is sub- 30 
jected to the bevel etching process in the bevel etching 
unit 21 a, 21 b. Therefore, the substrate holder hand 41 c, 
42c which holds the entire-surface-plated wafer is con- 
taminatedwithcopper. Therefore, it is preferred that one 
of the substrate holder hands 41 c, 42c is dedicated to 35 
holding the entire-surface-plated wafer. Thus, the con- 
tamination with copper is prevented from spreading via 
the substrate holder hand 41c or 42c. 
[01 48] Figs. 6(a) and 6(b) are a schematic plan view 
and a schematic side view, respectively, of the cassette 40 
stage 1 6 on which the cassette C is placed. 
[0149] The cassette stage 16 Includes a planar cas- 
sette base 50 for receiving thereon the cassette C. The 
cassette base 50 has a generally square shape as seen 
in plan. The cassette C has a generally square shape 45 
having a smaller size than the cassette base 50 as seen 
in plan, and has a wafer loading/unloading opening Ce 
provided on one lateral side thereof. 
[0150] The cassette base 50 has cassette guides 51 
provided on one surface thereof in association with four so 
corners of the cassette C as seen in plan. Therefore, the 
cassette C can be located in position on the cassette 
base 50 with its corners In contact with the cassette 
guides 51 . With the cassette C located In position on the 
cassette base 50, the wafer loading/unloading opening ss 
Ce faces toward the first transport path 14 (see Fig. 2). 
[0151 J A light emitting element 52a and a light receiv- 
ing element 52b are respectively provided at generally 



middle points on opposite edges of the cassette base 
50 (excluding an edge having the wafer loading/unload- 
ing opening Ce) on the surface of the cassette base 50. 
The light emitting element 52a and the light receiving 
element 52b constitute a transmissive photosensor 52. 
When no cassette C is present on the cassette base 50, 
light emitted from the light emitting element 52a is re- 
ceived by the light receiving element 52b. When the cas- 
sette C is present on the cassette base 50, the light emit- 
ted from the light emitting element 52a Is blocked by the 
cassette C and does not reach the light receiving ele- 
ment 52b. Thus, a judgment can be made on the pres- 
ence or absence of the cassette C on the cassette base 
50. 

[01 52] Fig. 7 is a schematic front view illustrating the 
construction of the plating section 12. 
[0153] The plating section 12 includes a plurality of 
plating units (the four plating units 20a to 20d In this em- 
bodiment) for the plating of the wafer W, and a plating 
liquid container 55 for containing the plating liquid. The 
plating units 2Ga to 20d respectively include plating cups 
56a to 56d for containing the plating liquid, and wafer 
holding/rotating mechanisms (treatment heads) 74a to 
74d to be located above the plating cups 56a to 56d. 
[0154] The plating liquid container 55 is capable of 
containing the plating liquid in a much greater amount 
than the plating cups 56a to 56d (e.g. , 20 times the total 
volume of the plating cups 56a to 56d). Since a great 
amount of the plating liquid can be stored in the plating 
liquid container 55, the total amount of the plating liquid 
to be used in the plating section 12 can be increased. 
Thus, variations in the composition of the plating liquid 
can be reduced during the plating process. 
[0155] Theplating liquid transport pipe P12afortrans- 
porting the plating liquid to the major constituent man- 
aging section 2 is connected to the bottom of the plating 
liquid container55 in communication with the plating liq- 
uid container 55. The plating liquid transport pipe P12b 
for introducing the plating liquid transported from the 
major constituent managing section 2 into the plating liq- 
uid container 55, the sampling pipe 322 for transporting 
the plating liquid to the minor constituent managing sec- 
tion 3, and the replenishment pipe 324 for transporting 
the plating liquid between the minor constituent manag- 
ing section 3 and the plating liquid container 55 in op- 
posite directions are introduced into the plating liquid 
container 55 from the top of the plating liquid container 
55. The plating liquid transport pipe PI 2b, the sampling 
pipe 322 and the replenishment pipe 324 extend to a 
depth at which open ends thereof are submerged in the 
plating liquid in the plating liquid container 55. 
[0156] The plating cups 56a to 56d are located at a 
higher position than the plating liquid container 55. A 
liquid supply pipe 57 extends from the bottom of the plat- 
ing liquid container 55, and is branched into four branch 
liquid supply pipes 58a to 58d. The branch liquid supply 
pipes 58a to 58d extend upward to be respectively con- 
nected to bottom center portions of the plating cups 56a 
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to 56d in communication with the plating cups 56a to 
56d. 

[0157] Pumps PI to P4, filters 59a to 59d and flow 
meters 60a to 60d are provided in this order from a lower 
side to an upper side in the respective branch liquid sup- 
ply pipes 58a to 58d. The pumps P1 to P4 are respec- 
tively capable of pumping the plating liquid from the plat- 
ing liquid container 55 to the plating cups 56a to 56d. 
The operations of the pumps PI to P4 are controlled by 
the system controller 1 55. The filters 59a to 59d are ca- 
pable of removing particles (contaminants) from the 
plating liquid. Signals indicative of the flow rates of the 
plating liquid is outputted from the flow meters 60a to 
60d, and inputted to the system controller 155. 
[0158] The plating cups 56a to 56d respectively In- 
clude cylindrical plating vessels (liquid containing por- 
tions) 61a to 61 d provided inwardly thereof, and recov- 
ery vessels 62a to 62d surrounding the plating vessels 
61a to 61 d. The branch liquid supply pipes 58a to 58d 
are connected in communication with the plaUng ves- 
sels 61 a to 61 d. Branch return pipes 63a to 63d extend 
from bottom portions of the recovery vessels 62a to 62d. 
The branch return pipes 63a to 63d are connected in 
communication with a return pipe 64, which extends into 
the plating liquid container 55. 
[01 59] With the aforesaid arrangement, the plating liq- 
uid is supplied, for example, to the plating vessel 61a 
from the plating liquid container 55 through the liquid 
supply pipe 57 and the branch liquid supply pipe 58a by 
operating the pump PI . The plating liquid overflows from 
the top of the plating vessel 61a, and is fed back into 
the plating liquid container 55 from the recovery vessel 
62a through the branch return pipe 63a and the return 
pipe 64 by gravity. That is, the plating liquid is circulated 
through the plating liquid container 55 and the plating 
cup 56a. 

[0160] Similarly, the plating liquid is circulated through 
the plating liquid container 55 and the plating cup 56b. 
56c or 56d by operating the pump P2, P3 or P4. When 
the plating process is perfonned in any of the plating 
units 20a to 20d, the plating liquid is circulated through 
the plating cup 56a to 56d of the corresponding plating 
unit 20a to 20d and the plating liquid container 55. Thus, 
the plating liquid container 55 is shared by the four plat- 
ing units 20a to 20d. 

[0161] One end of a bypass pipe 65 is connected to 
the branch liquid supply pipe 58a between the pump PI 
and the filter 59a. The other end of the bypass pipe 65 
is introduced into the plating liquid container 55. Absorp- 
tiometers 66A, 66B for measuring absorbances of the 
plating liquid at specific wavelengths of light are provid- 
ed in the bypass pipe 65. The absorptiometer 66A is pro- 
vided for detennining the concentration of copper in the 
plating liquid, while the absorptiometer 668 is provided 
for determining the concentration of iron in the plating 
liquid. 

[01 62] When the pump PI is operated to circulate the 
plating liquid through the plating liquid container 55 and 



the plating cup 56a, a part of the plating liquid flowing 
through the branch liquid supply pipe 58a flows into the 
bypass pipe 65 due to a pressure loss by the filter 59a. 
That is, the plating liquid can be introduced into the by- 
5 pass pipe 65 without provision of a dedicated pump in 
the bypass pipe 65. 

[0163] The absorptiometers 66A, 66B each include a 
cell 67A. 678 composed of a transparent material, and 
a light emitting section 68A, 688 and a light receiving 

10 section 69A, 698 disposed in opposed relation with the 
cell 67A, 678 interposed therebetween. The light emit- 
ting sections 68A and 688 are respectively capable of 
emitting light beams having specific wavelengths corre- 
sponding to absorption spectra of copper and iron (e.g., 

15 780 nm for copper). The light receiving sections 69A and 
698 are respectively capable of measuring the intensi- 
ties of the light beams emitted from the light emitting 
sections 68A and 688 and transmitted through the plat- 
ing liquid in the cells 67A and 678. The absorbances of 

20 the plating liquid are detennined on the basis of the light 
intensities. Signals indicative of the absorbances are 
outputted from the absorptiometers 66A, 668, and in- 
putted to the system controller 155. 
[0164] A temperature sensor 70 and an electromag- 

25 netic conductivity meter 71 are attached to a side wall 
of the plating liquid container 55. The temperature sen- 
sor 70 and the electromagnetic conductivity meter 71 
are located at a height lower than the surface level of 
the plating liquid contained in the plating liquid container 

30 55. Detectors of the temperature sensor 70 and the elec- 
tromagnetic conductivity meter 71 project into the plat- 
ing liquid container 55, and are respectively adapted to 
measure the temperature and electrical conductivity of 
the plating liquid. Output signals of the temperature sen- 

35 sor 70 and the electromagnetic conductivity meter 71 
are inputted to the system controller 155. 
[0165] The concentrations of copper and iron in the 
plating liquid can be determined by measuring the ab- 
sorbances of the plating liquid at the specific wave- 

40 lengths of light. An explanation will be given to how to 
determine the copper concentration on the basis of the 
absorbance of the plating liquid. 
[0166] For the determination of the copper concentra- 
tion of the plating liquid, a relationship between the cop- 

45 per concentration and the absoitance is preliminarily 
determined. First, plural plating liquid samples having 
different copper concentrations are prepared. Copper 
sulfate is added as a copper source for the preparation 
of the plating liquid samples. The plating liquid samples 

50 each have substantially the same composition as the 
plating liquid actually used for the plating process, ex- 
cept that the copper concentrations thereof are different. 
The absort)ances of the plating liquid samples are 
measured by the absorptiometer 66A. Thus, the rela- 
ys tionship between the copper concentration and the ab- 
sorbance (copper calibration line) is determined on the 
basis of the known copper concentrations and the 
measured absorbances of the plating liquid samples as 
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shown in Fig. 8. 

[0167] For the determination of an unknown copper 
concentration of the plating liquid, the absorbance of the 
plating liquid is measured by the absorptiometer 66A. 
Then, the copper concentration Is determined on the ba- 5 
sis of the measured absorbance and the copper calibra- 
tion line. 

[0168] Similarly, a relationship between the Iron con- 
centration and the absorbance (iron calibration line) is 
preliminarily detemnined on the basis of known iron con- io 
centratlons and measured absorbances of plating liquid 
samples, and the concentration of Iron in the plating liq- 
uid is determined on the basis of the absorbance of the 
plating liquid measured by the absorptiometer 66B and 
the Iron calibration line. is 
[0169] The system controller 155 Includes a storage 
device storing therein data of the copper calibration line 
and the iron calibration line. The system controller 1 55 
is capable of determining the copper concentration on 
the basis of the output signal of the absorptiometer 66A 
and the data of the copper calibration line, and deter- 
mining the Iron concentration on the basis of the output 
signal of the absorptiometer 66B and the data of the iron 
calibration line. 

[01 70] An ultrasonic level meter 72 is provided above 2s 
the plating liquid container 55. The ultrasonic level meter 
72 Is capable of detecting the surface level of the plating 
liquid in the plating liquid container 55. An output signal 
of the ultrasonic level meter 72 Is Inputted to the system 
controller 156. A capacitive level meter may be em- so 
ployed instead of the ultrasonic level meter 72. 
[0171] The plating liquid container 55, the liquid sup- 
ply pipe 57, the branch liquid supply pipes 58a to 68d, 
the branch retum pipes 63a to 63d and the return pipe 
64 are disposed in a pipe chamber 73 virtually air-tightly 35 
enclosed by the enclosure 30 and partition walls of the 
wafer treating section 1 . The pipe chamber 73 has the 
air outlet port 34h, which Is connected to the air outlet 
duct 34. The other end of the air outlet duct 34 is con- 
nected to the in-plant exhauster system line. Air possibly 40 
exposed to the plating liquid and the like in the plating 
section 12 is forcibly exhausted out of the clean room. 
During the forcible air exhaustion, the internal pressure 
of the pipe chamber 73 is kept at a negative pressure. 
[01 72] Fig. 9 Is a schematic sectional view Illustrating 45 
the common constmction of the plating units 20a to 20d. 
The wafer holding/rotating mechanisms 74a to 74d are 
each supported by an Inversion base 181 . An Inversion 
driving section 43 is connected to one end of the inver- 
sion base 181. 50 
[01 73] The inversion driving section 43 includes a col- 
umn-shaped vertical base 1 82 extending vertically, a ro- 
tary actuator 183 attached to the vertical base 182 and 
having a rotation shaft perpendicular to the vertical base 
182, and a toothed pulley 184 attached to the rotation 55 
shaft of the rotary actuator 183, a toothed pulley 185 
attached to a shaft extending parallel to the shaft of the 
rotary actuator 1 83 and supported rotatably by the ver- 



tical base 1 82, and a timing belt 1 86 stretched between 
the toothed pulley 184 and the toothed pulley 185 for 
transmitting a rotation force of the rotary actuator 1 83. 
[0174] The rotary actuator 1 83 may be, for example, 
pneumatically driven. The inversion base 181 is at- 
tached to the vicinity of the shaft of the toothed pulley 
185 perpendicularly to the toothed pulley 185. The in- 
version base 181 and the wafer holding/rotating mech- 
anism 74a to 74d supported by the inversion base 181 
can be pivoted (Inverted) about the horizontal shaft as 
indicated by an arrow a In Fig. 9 by a pivotal driving force 
of the rotary actuator 183. Thus, the wafer W held by 
the wafer holding/rotating mechanism 74a to 74d can 
face upward or downward toward the plating cup 56a to 
56d. 

[01 75] The vertical base 1 82 Is coupled to a lift mech- 
anism 44. The lift mechanism 44 Includes a first motor 
44a having a vertical rotation shaft, a ball thread 44b 
attached to the first motor 44a coaxially with the rotation 
shaft of the first motor 44a, and a vertical column- 
shaped guide 44c. The first motor 44a may be, for ex- 
ample, a servo motor. A support member 1 82a having 
an internal thread portion is provided In threading en- 
gagement with the ball thread 44b in the vicinity of a 
lower end of the vertical base 1 82. The guide 44c verti- 
cally guides the vertical base 182 while preventing the 
vertical base 1 82 from rotating about the axis of the ball 
thread 44b. 

[0176] With this arrangement, the vertical base 182 
can be moved vertically by rotating the first motor 44a. 
Therefore, the inversion base 181 coupled to the vertical 
base 1 82 and the wafer holding/rotating mechanism 74a 
to 74d supported by the Inversion base 181 can verti- 
cally be moved up and down (in directions Indbated by 
arrows b in Fig. 9). 

[0177] The wafer holding/rotating mechanism 74a to 
74d Includes a rotary pipe 77 and a disk-shaped spin 
base 78 attached to one end of the rotary pipe 77 per- 
pendicularly to the rotary pipe 77. 
[0178] Fig. 1 0 is a schematic sectional view illustrat- 
ing a portion around the rotary pipe 77 on a greater 
scale. Refemng to Figs, 9 and 10, the rotary pipe 77 is 
supported rotatably about its axis by the inversion base 
181 via a bearing 181b. 

[01 79] A plurality of wafer transfer pins 84 are provid- 
ed on a surface of the spin base 78 opposite from the 
rotary pipe 77 between the center and the peripheral 
edge of the spin base 78. A plurality of support posts (e. 
g., four support posts) 79 are provided in a peripheral 
edge portion on the surface of the spin base 78 opposite 
from the rotary pipe 77. An annular cathode ring 80 is 
attached to distal ends of the support posts 79. The sup- 
port posts 79 have a greater length than the wafer trans- 
fer pins 84. 

[0180] The cathode ring 80 has an abutment portion 
80a projecting toward the center of the cathode ring 80. 
The abutment portion 80a has an inner diameter slightly 
smaller than the diameter of the wafer W. The cathode 
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ring 80 further has a projection 80p projecting opposite 
from the support posts 79. 

[0181] A susceptor 81 is provided coaxially with the 
rotary pipe 77. The susceptor 81 includes a support 
shaft 81b extending through the rotary pipe 77, and a 
disk-shaped wafer back side press plate 81 a attached 
to an end of the support shaft 81b (on the side of the 
cathode ring 80) perpendicularly to the support shaft 
81b. The support shaft 81b is supported coaxially with 
the rotary pipe 77 by a ball spline 190, while being per- 
mitted to move axially of the rotary pipe 77. 
[0182] The wafer back side press plate 81a is sur- 
rounded by the plurality of support posts 79. The wafer 
back side press plate 81 a has a slightly smaller diameter 
than the wafer W. An end portion of the support shaft 
81b opposite from the wafer back side press plate 81a 
projects out of the rotary pipe 77. 
[0183] The susceptor 81 is coupled to a susceptor 
movement mechanism 46. The susceptor movement 
mechanism 46 includes an air cylinder 46a attached to 
the inversion base 181, and a transmission member 46b 
which couples a piston of the air cylinder 46a to the sup- 
port shaft 81 b. The transmission member 46b is fixed to 
the end portion of the support shaft 81b projecting out 
of the rotary pipe 77 opposite from the wafer back side 
press plate 81 a. The susceptor 81 can be moved along 
the center axis of the rotary pipe 77 by driving the air 
cylinder 46a. 

[0184] The wafer back side press plate 81 a is fonned 
with holes in association with the wafer transfer pins 84. 
Thus, the wafer transfer pins 84 are inserted into the 
holes of the wafer back side press plate 81 a as the sus- 
ceptor 81 is moved with respect to the rotary pipe 77. 
With the aforesaid arrangement, the wafer W can be 
held by the abutment portion 80a of the cathode ring 80 
and the wafer back side press plate 81 a. 
[0185] A rotative driving mechanism 45 for rotating 
the rotary pipe 77 about its axis is coupled to the rotary 
pipe 77. The rotative driving mechanism 45 includes a 
second motor 45a provided on the inversion base 181 
and having a rotation shaft parallel to the axis of the ro- 
tary pipe 77, a toothed pulley 45b fixed to the rotation 
shaft of the second motor 45a. a toothed pulley 45c pro- 
vided around the rotary pipe 77, and a timing belt 45d 
stretched between the toothed pulley 45b and the 
toothed pulley 45c for transmitting a rotation force of the 
second motor 45a. The toothed pulleys 45b, 45c and 
the timing belt 45d are housed in a cover 181c (not 
shown in Fig. 9) attached to the inversion base 181. 
[01 86] The rotary pipe 77 can be rotated about its axis 
(in a direction indicated by an an-ow c in Fig. 9) by a 
rotative driving force of the second motor 45a. The sec- 
ond motor 45a may be, for example, a servo motor. The 
rotation of the rotary pipe 77 is transmitted to the sus- 
ceptor 81 through the ball spline 190, so that the rotary 
pipe 77 and the susceptor 81 are rotated together. Thus, 
the wafer W held by the abutment portion 80a of the 
cathode ring 80 and the wafer back side press plate 81a 



can be rotated. 

[01 87] In the plating process, the wafer holding/rotat- 
ing mechanism 74a to 74d is moved down by the lift 
mechanism 44 with the wafer W thus held as facing 
5 downward, and a lower surface of the wafer W is brought 
into contact with the plating liquid filled in the plating ves- 
sel 61a to 61 d. 

[0188] Fig. 1 1 is a schematic sectional view illustrating 
a portion around the wafer as observed in the plating 
10 process. Referring to Figs. 9 to 1 1 , a continuous fluid 
channel 81c is provided in the support shaft 81 b and the 
wafer back side press plate 81a. The fluid channel 81c 
is provided as a single fluid channel extending through 
the support shaft 81b along the center axis of the sup- 
's port shaft 81b, and branched into a plurality of branch 
channels in the wafer back side press plate 81a. The 
branch channels extend from the center to the periph- 
eral edge of the wafer back side press plate 81a, and 
open in the peripheral edge of the wafer back side press 
20 plate 81 a. 

[0189] A rotary joint 191 is attached to the end of the 
support shaft 81b opposite from the wafer back side 
press plate 81 a. One end of a supply pipe 203 and one 
end of a leak pipe 204 are connected to the rotary joint 
25 1 91 . The other end of the supply pipe 203 is branched 
into a cathode cleaning liquid pipe 201 and a nitrogen 
gas pipe 202. 

[0190] The cathode cleaning liquid pipe 201 is con- 
nected to a cathode cleaning liquid supply source, and 

30 the nitrogen gas pipe 202 is connected to a nitrogen gas 
supply source. A valve 201V is provided in the cathode 
cleaning liquid pipe 201 , so that a cathode cleaning liq- 
uid (e. g. , deionized water) can be supplied into the ro- 
tary joint 1 91 by opening the valve 201 V. A valve 202V 

35 is provided In the nitrogen gas pipe 202, so that nitrogen 
gas can be supplied into the rotary joint 1 91 by opening 
the valve 202V. 

[0191] Even during the rotation of the susceptor 81 , a 
treatment fluid such as the cathode cleaning liquid or 

40 nitrogen gas can be supplied into the fluid channel 81c 
from the cathode cleaning liquid supply source or the 
nitrogen gas supply source on the side of a stationary 
system through the rotary joint 191 . 
[0192] A part of the cathode cleaning liquid supplied 

45 from the supply pipe 203 Is drained th rough the leak pipe 
204. Thus, particles generated by slidable members in 
the rotary joint 1 91 are washed away into the leak pipe 
204 by the cathode cleaning liquid so as to be prevented 
from flowing into the fluid channel 81c. 

50 [0193] Fig. 12 is a schematic sectional view of the ro- 
tary joint 191 . The rotary joint 191 includes a stator243 
connected to the supply pipe 203 and the leak pipe 204, 
and a rotor 244 connected to the support shaft 81b of 
the susceptor 81. 

55 [0194] The stator 243 includes a body 247, an inner 
cylinder 245 projecting from the body 247, and an outer 
cylinder 246 provided around the inner cylinder 245 co- 
axially with the inner cylinder 245 and projecting from 
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the body 247. The body 247, the inner cylinder 245 and 
the outer cylinder 246 are integrally fonned. A joint 248 
connected to the supply pipe 203 and a joint 249 con- 
nected to the leak pipe 204 are attached to the body 247 
as extending perpendicularly to the lengths of the Inner 
cylinder 245 and the outer cylinder 246. A treatment fluid 
supply port 256 and a leak port 257 extend from the joint 
248 and the joint 249, respectively, inwardly of the body 
247. 

[01951 The rotor 244 includes a joint 251 for connec- 
tion to the support shaft 81b, and a cylindrical member 

250 extending coaxially with the support shaft 81 b con- 
nected to the joint 251 . The rotor 244 has a through-hole 
262 extending along the center axis thereof. The joint 

251 includes a connection pipe 258 having an outer 
thread portion and a flange 260. The support shaft 81b 
has an inner thread portion provided on an end Interior 
surface thereof and engaged with the outer thread por- 
tion of the connection pipe 258. The end of the support 
shaft 81b engaged with the connection pipe 258 is re- 
strteted In position by the flange 260, Afluororesln pack- 
ing 261 is provided between the support shaft 81 b and 
the flange 260. 

[0196] The cylindrical member 250 is fitted in an an- 
nular space defined between the inner cylinder 245 and 
the outer cylinder 246 of the body 247 coaxially with the 
inner cylinder245 and the outer cylinder 246. The treat- 
ment fluid supply port 256, an inner space 245a of the 
inner cylinder 245 and the through-hole 262 of the rotor 
244 communicate with each other, and constitute a main 
channel 270 for introducing the treatment fluid supplied 
from the supply pipe 203 into the fluid channel 81c pro- 
vided in the support shaft 81 b. 
[0197] A first gap 252 is defined between the inner 
cylinder 245 and the cylindrical member 250, while a 
second gap 253 is defined between the outer cylinder 
246 and the cylindrical member 250. The width of the 
first gap 252 (a distance between the inner cylinder 245 
and the cylindrical potion 250) is, for example, 0.1 mm, 
but is increased in the vicinity of a distal end of the cy- 
lindrical member 250. The width of the second gap 253 
(a distance between the outer cylinder 246 and the cy- 
lindrical member 250) is several millimeters. The main 
channel 270 and the first gap 252 communicate with 
each other through a first communication portion 254 
provided in the vicinity of a distal end of the innercylinder 
245, while the first gap 252 and the second gap 253 
communicate with each other through a second com- 
munication portion 255 provided in the vicinity of the dis- 
tal end of the cylindrical member 250. The leak port 257 
communicates with a part of the second communication 
portion 255. The first gap 252, the part of the second 
gap 253 and the leak port 257 constitute a leak channel 
271 , and the main channel 270 and the leak pipe 204 
communicate with each other through the leak channel 
271. 

[01 981 A first spacer 263, a sealing ring 264, a second 
spacer 265, a C-ring 266. two bearings 267 and a third 



spacer 268 are disposed in the second gap 253 in this 
order from the side of the second communication portion 
255. These components except the C-ring 266 each 
have a closed ring shape and surround the cylindrical 
s member 250, The sealing ring 264 is held between the 
first spacer 263 and the second spacer 265 thereby to 
be located at a fixed position axially of the outer cylinder 
246. 

[01991 The first spacer 263 and the second spacer 
10 265 contact the outer cylinder 246, but do not contact 
the cylindrical member 250. The bearings 267 are locat- 
ed at fixed positions axially of the cylindrical member 
250, and support the cylindrical member 250 and the 
outer cylinder 246 in a rotatable manner. The C-ring 266 

15 is fitted in a shallow groove provided in a predetemnined 
position of the cylindrical member 250. 
[02001 The sealing ring 264 includes a fluororesin 
press-fitmember (llpportion) 264a having a U-shaped 
cross section opening toward the second communica- 

20 tion potion 255, a coll spring (helical spring) 264b pro- 
vided in the press-fit member 264a, and a press member 
264c partly covering an open portion of the press-fit 
member 264a. The press-fit member 264a is urged out- 
ward from the center of the coil spring 264b by the re- 

25 silient force of the coil spring 264b, and kept in contact 
with the outer cylinder 246 and the cylindrteal member 
250. The coll spring 264b is composed of a material re- 
sistant to the cathode cleaning liquid to be used. The 
press member 264c presses the coil spring 264b topre- 

30 vent the coil spring 264b fromdisengaging from the 
press-fit member 264a. 

[0201 1 The outer cylinder246 has an outerthread por- 
tion provided on an outer surface portion adj acent to 
the distal end thereof. A fixture ring 269 having an inner 

35 thread portion in association with the outer thread por- 
tion is fitted around the outer cylinder 246. The fixture 
ring 269 includes a flange 269a provided at an end 
thereof adjacent to the rotor 244 as projecting inwardly 
thereof. The flange 269a extends between the third 

40 spacer 268 and the flange 260. 

[0202] When the rotary Joint 191 is assembled by 
combining the stator 243 with the rotor 244, the fixture 
ring 269 is tightened around the outer cylinder 246 to 
introduce the C-ring 266, the third spacer 268 and the 

45 bearings 267 to the predetemiined axial positions. 
[0203] An end of the leak pipe 204 opposite from the 
rotary joint 1 91 usually opens at the atmospherte pres- 
sure, while the treatment fluid flowing through the main 
channel 270 is generally pressurized. Therefore, the 

50 treatment fluid flowing through the main channel 270 
partly flows into the leak channel 271 which has a lower 
internal pressure. The treatment fluid (particularly, the 
cathode cleaning liquid) flowing through the leak chan- 
nel 271 partly flows through the second communication 

55 portion 255 to reach the second gap 253, but the flow 
thereof is prevented by the sealing ring 264. Therefore, 
there Is no possibility that the treatment fluid leaks to- 
ward the bearings 267. 
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[0204] When the support shaft 81 b is rotated, the rotor 
244 is also rotated. The rotor 244 is supported with re- 
spect to the stator 243 via the sealing ring 264 and the 
bearings 267 and, hence, can freely be rotated with re- 
spect to the stator 243. By the rotation of the rotor 244. s 
the press-fit member 264a is brought into friction with 
either or both of the outer cylinder 246 and the cylindrical 
member 250. Although the fluororesin press-fit member 
264a has a sufficient wear resistance, a small amount 
of particles are generated. 

[0205] Since the treatment fluid flows from the first 
gap 252 toward the leak port 257 In the leak channel 
271 , the particles generated around the sealing ring 264 
are drained together with the treatment fluid (particular- 
ly, the cathode cleaning liquid) into the leak pipe 204 
through the leak channel 271 . Therefore, there is no 
possibility that the treatment fluid flowing through the 
main channel 270 is contaminated with the particles and 
supplied to the wafer W. 

[0208] An ejector may be attached to the end of the 
leak pipe 204 opposite from the rotary joint 191. In this 
case, when the flow rate of the treatment fluid flowing 
into the leak channel 271 from the main channel 270 is 
low, a pressure on the side of the leak port 257 is re- 
duced to a negative level by the ejector for forcibly in- 
creasing the flow rate of the treatment fluid. Even if the 
internal pressure of the main channel 270 is close to the 
atmospheric pressure, the flow rate of the treatment fluid 
flowing through the leak channel 271 can be increased. 
Thus, the flow rate of the treatment fluid flowing through 
the leak channel 271 can be adjusted by adjusting the 
pressure on the side of the leak port 257. 
[0207] Further, the flow of the particles into the main 
channel 270 can be suppressed by reducing the width 
of the first gap 252 to 50 

[0208] Where the first gap 252 has a reduced width, 
the treatment fluid present in the first gap 252 experi- 
ences a great pressure loss. Therefore, even if the treat- 
ment fluid flowing through the main channel 270 is highly 
pressurized to increase the flow rate of the treatment 
fluid in the main channel 270, a great pressure (or load) 
is not exerted on the sealing ring 264. Therefore, the 
service life of the sealing ring 264 is prolonged. Where 
the treatment fluid is the cathode cleaning liquid, the 
cathode cleaning iiquidpresent in the second gap 253 
serves to lubricate and cool the sealing ring 264. This 
also prolongs the servtoe life of the sealing ring 264. 
[0209] The particles can be washed away by a small 
amount of the treatment fluid flowing through the leak 
channel 271 . By reducing the width of the first gap 252, 
the amount of the treatment fluid flowing through the first 
gap 252 can be reduced, thereby reducing the con- 
sumption of the treatment fluid (e.g., the treatment liq- 
uid). 

[0210] Since the inner cylinder 245 and the outer cyl- 
inder 246 are fonned integrally with the body 247, the 
inner cylinder 245 and the outer cylinder246 are spaced 
exactly the predetemnined distance. Further, the cylin- 



drkial member 250 is supported with respect to the outer 
cylinder 246 at three positions by the sealing ring 264 
and the two bearings 267, so that the distance between 
the cylindrical member 250 and the outer cylinder 24 6. 
I.e. , the width of the second gap 253, can be kept exactly 
at the predetermined level. Therefore, the distance be- 
tween the cylindrical member 250 and the inner cylinder 
245, i.e., the width of the first gap 252, is also kept at 
the predetermined level. Hence, there is no possibility 
that the cylindrical member 250 is brought into contact 
with the inner cylinder 245. 

[021 1 ] Figs. 1 3(a) and 1 3(b) are schematic plan views 
of the cathode ring 80 (as seen from the side of the spin 
base 78). Partrcularly, Fig. 13 (a) illustrates the entire 
cathode ring 80, and Fig. 13 (b) illustrates a part of the 
inner periphery of the cathode ring 80 on a greater scale. 
[0212] Refen-ing to Figs. 11. 13 (a) and 13 (b) , the 
cathode ring 80 includes an upper ring 80u, a conduc- 
tion plate 80c and a base ring 80b arranged in this order 
from the side of the spin base 78. The upper ring 80u, 
the conduction plate 80c and the base ring 80b each 
have an annular shape. The base ring 80b is composed 
of an inelastic material. The conduction plate 80c is cov- 
ered with the upper ring 80u and the base ring 80b. The 
upper ring 80u and the base ring 80b are opposed (ad- 
jacent) to each other along the outer periphery of the 
conduction plate 80c and along the inner periphery of 
the conduction plate 80c opposite from the spin base 78 . 
[0213] The conduction plate 80c is electrically con- 
ductive. The conduction plate 80c has a higher strength 
than the upper ring 80u and the base ring 80b to impart 
the entire cathode ring 80 with a sufficient strength. 
[0214] The base ring 80b is provided with the abut- 
ment portion 80a. In other words, the base ring 80b has 
a slightly smaller inner diameter than the upper ring 80u. 
The abutment portion 80a has a sealing surface 80s to 
be brought into contact with the wafer W in opposed re- 
lation to the wafer back side press plate 81a. 
[021 5] A plurality of fluid channels 80f are provided as 
a gap defined between the upper ring 80u and the base 
ring 80b and as through-holes extending radially 
through the base ring 80b. Where the wafer back side 
press plate 81a and the cathode ring 80 are located in 
position in the plating process, the fluid channels 80f are 
located at a lower position than the branch channels of 
the fluid channel 81c. A multiplicity of notches 80k (see 
Fig. 13(b)) are provided in an Inner peripheral portion of 
the upper ring 80u, whereby the cathode cleaning liquid 
flowing out of the branch channels of the fluid channel 
81c opening in the periphery of the wafer back side 
press plate 81 a can be introduced into the fluid channels 
80f in the plating process. 

[021 6] A cathode 83 is disposed in the fluid channels 
80f (the gap between the upper ring 80u and the base 
ring 80b). Therefore, the cathode 83 can be cleaned with 
the cathode cleaning liquid in the plating process. The 
cathode 83 is disposed within substantially the same 
plane as the sealing surface 80s outwardly of the abut- 



15 



20 



25 



30 



35 



40 



45 



50 



19 



37 



EP 1 431 424 A2 



38 



ment portion 80a with respect to the center of the cath- 
ode ring 80. 

[0217] Figs. 1 4(a) and 14(b) are schematic plan views 
illustrating the shape of the cathode 83, and Fig. 14 (c) 
is a sectional view of the cathode 83. Particularly, Fig. s 
14(a) illustrates the entire cathode 83, and Fig. 14(b) 
illustrates a part of the cathode 83 on a greater scale. 
[021 8] The cathode 83 is composed of a spring stain- 
less steel having a thickness of about 0.1 mm, and has 
a surface plated with platinum. This prevents fomriation io 
of an oxide film on the surface of the cathode 83, and 
prevents dissolution of the cathode 83 even if a reverse 
electric field is applied to the cathode 83. The platinum 
film of the cathode 83, if having a very small thickness, 
has a shorter service life. The cathode 83 behaves re- is 
siliently in contact with wafer W. However, if the platinum 
film of the cathode 83 Is too thick, the film is liable to be 
cracked in the resilient behavior. In view of these, the 
thickness of the platinum film of the cathode 83 is pref- 
erably about 0.01 ^im to about 2 jim. 20 
[0219] The cathode 83 has a ring portion 83r having 
a slightly greater inner diameterthan the upper ring 80u, 
and a multiplicity of contact portions 83c arranged like 
a comb circumferentially of the cathode ring 80 as ex- 
tending from the ring portion 83r toward the center of 25 
the cathode ring 80. The contact portions 83c are each 
bent at an angle 6 of 5 to 60 degrees with their distal 
ends raised toward the wafer back side press plate 81 a. 
[0220] With the cathode 83 attached to the cathode 
ring 80, the distal ends of the contact portions 83c 30 
project from the gap between the upper ring BOu and the 
base ring 80b toward the inner periphery of the upper 
ring 80u (see Figs. 11 and 13(b)). The bent contact por- 
tions 83c are restricted by the upper ring 80u (see Fig. 
11). 35 
[0221] Referring to Fig. 11 , the cathode 83 is brought 
into resilient contact with a peripheral edge portion of 
the surface of the wafer W opposite from the wafer back 
side press plate 81a, while the wafer W is held between 
the abutment portion 80a and the wafer back side press 40 
plate 81 a. That is, the contact portions 83c can be kept 
In contact with the wafer W at a predetermined contact 
pressure. 

[0222] An electrically-conductive ring-shaped elec- 
trode press 80d is disposed between the base ring 80b 45 
and the upper ring 80u on a side of the conduction plate 
80c opposite from the spin base 78. The base ring 80b 
has a groove, in which a coil spring 80e is housed. The 
cathode 83 is fixed to the electrode press 80d for elec- 
trical connection, and the electrode press 80d and the 50 
conduction plate 80c are kept In resilient contact with 
each other by the coil spring 80e for electrical connec- 
tion. Thus, the electrical connection is maintained be- 
tween the electrode press 80d and the conduction plate 
80c, even if the base ring 80b is pressed by the wafer ss 
back side press plate 81 a to be warped or slightly offset 
from the upper ring BOu. 

[0223] The support posts 79 are electrically conduc- 



tive, and extend through the upper ring 80u so as to be 
electrically connected to the conduction plate 80c. The 
support posts 79 are not provided equidistantly circum- 
ferentially of the cathode ring 80, but provided in two 
pairs which are spaced at 1 80 degrees about the center 
of the cathode ring 80 (see Rg. 13(a)). Thus, the wafer 
W can easily be inserted between the wafer back side 
press plate 81 a and the cathode ring 80 through a space 
defined between the support posts 79. 
[0224] 0-rings 80r are provided between the support 
posts 79 and the upper ring BOu (around the support 
posts 79), between the upper ring BOu and the base ring 
80b around the conduction plate BOc, between the upper 
ring BOu and the electrode press BOd (along the inner 
periphery of the electrode press BOd), and between the 
base ring BOb and the electrode press BOd (along the 
outer periphery of the electrode press BOd). This pre- 
vents the plating liquid from intruding into the cathode 
ring 80. When the cathode ring 80 is detached from the 
spin base 78 for cleaning thereof, it is merely necessary 
to immerse the cathode ring 80 in the cleaning liquid 
without the need for disassembling the cathode ring 80. 
[0225] Electrically conductive coupling members 79j 
are attached to ends of the support posts 79 opposite 
from the conduction plate BOc. The coupling members 
79j each couple two adjacent support posts 79 (see Fig. 
13(a)). The coupling members 79j are each fonned with 
a positioning hole 79h. 

[0226] A conduction line 1 98 Is provided within the 
spin base 78 and the rotary pipe 77. Electrically conduc- 
tive coupling members 78j are each attached to the pe- 
ripheral portion of the surface of the spin base 78 facing 
toward the cathode ring 80 via an insulative plate 781. 
The conduction line 1 98 is electrically connected to the 
coupling member 78j via a conduction stud 78s extend- 
ing through the insulative plate 781. The coupling mem- 
ber 78j has a positioning pin 7Bp. 
[0227] The coupling member 7Bj and the coupling 
member 79j are coupled to each other with the position- 
ing pin 78p fitted in the positioning hole 79h. Thus, the 
cathode ring 80 Is fixed to the spin base 78 in proper 
positional relationship. Even when the cathode ring 80 
is rotated at a high speed, there is no possibility that the 
cathode ring 80 is offset. When the cathode ring 80 is 
detached from the spin base 78 by decoupling the cou- 
pling members 78j, 79j, the support posts 79 serve as 
handles of the cathode ring 80. 
[0228] With the aforesaid arrangement, the cathode 
83 is electrically connected to the conduction line 198. 
[0229] Refemng to Figs. 9 and 10, an electrical con- 
nection mechanism 1 92 is provided between a plating 
power source 82 and the conduction line 198, so that 
electrically connection can be established between the 
conduction line 198 rotated together with the cathode 
ring 80 and the plating power source 82 on the side of 
the stationary system. 

[0230] The electrical connection mechanism 192 in- 
cludes an electrically conductive pulley 193 fitted 
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around an end portion of the rotary pipe 77 opposite 
from the spin base 78, an electrically conductive rotary 
shaft 194 rotatably attached to the inversion base 181 
in parallel relation to the rotary pipe 77, an electrically 
conductive pulley 1 95 fitted around the rotary shaft 1 94, 
an electrically conductive belt 196 stretched between 
the pulley 193 and the pulley 195, and a slip ring 197 
attached to a distal end of the rotary shaft 194. 
[0231] An end of the rotary shaft 194 opposite from 
the slip ring 197 Is rotatably supported by a bearing box 
200 attached onto the inversionbase 181. The end of 
the rotary shaft 194 adjacent to the bearing box 200 is 
isolated from the surroundings by the bearing box 200. 
[0232] The pulleys 1 93, 1 95 each have a surface plat- 
ed with gold, for example, which is kept in contact with 
the belt 196. The belt 196 may be a steel belt having a 
surface plated with gold, for example. In this case, the 
electrical resistance between the pulley 1 93 and the pul- 
ley 195 can be reduced. The pulley 193 and the pulley 
195 are mechanically connected to each other by the 
belt 1 96. When the rotary pipe 77 is rotated by the rota- 
tive driving mechanism 45, the rotative driving force Is 
transmitted to the rotary shaft 1 94 via the pulley 1 93, the 
belt 196 and the pulley 196, whereby the rotary shaft 
1 94 is rotated. Even during the rotation of the rotary pipe 
77 and the rotary shaft 194, the electrical connection 
between the pulleys 193 and 195 is maintained through 
the belt 196. 

[0233] The slip ring 1 97 is capable of electrically con- 
necting the stationary system to the rotary system, and 
has a stationary temninal 197a and a rotary terminal 
197b. The slip ring 197 is of a non-slidable type, which 
has no sliding contact between solid components, but 
establishes the electrical connection between the sta- 
tionary temninal 197a and the rotary terminal 197b, for 
example, by mercury. Therefore, the electrical connec- 
tion between the tenninals 1 97a and 1 97b is stable with 
a reduced noise. In addition, the slip ring 1 97 has a long- 
er service life. 

[0234] The conduction tine 198 (see Fig. 11) is elec- 
trically connected to the pulley 193. The pulley 193 is 
electrically Isolated from the rotary pipe 77. Further, the 
pulley 195 is electrically connected to the rotary shaft 
1 94. The rotary shaft 1 94 is electrically connected to the 
rotary terminal 197b of the slip ring 197. The stationary 
terminal 197a of the slip ring 197 is electrically connect- 
ed to the plating power source 82 via a conduction line 
199A. 

[0235] With the aforesaid arrangement, a conduction 
path between the cathode 83 and the plating power 
source 82 is established via the electrode press 80d, the 
coil spring 80e, the conduction plate 80c, the support 
posts 79, the coupling members 79j, 78j, the conduction 
studs 78s, the conduction line 198, the pulley 193, the 
belt 196, the pulley 195, the rotary shaft 194, the slip 
ring 1 97 and the conduction line 1 99A. Thus, the to-be- 
treated surface of the wafer W held between the cathode 
ring 80 and the wafer back side press plate 81a can be 



energized. 

[0236] Even when the wafer W is rotated by the rota- 
tive driving mechanism 45, the electrical connection be- 
tween the cathode 83 and the plating power source 82 

s is maintained by the electrical connection mechanism 
192. Where the belt 196 is stretched between the pul- 
leys 193 and 195 with a sufficiently great tensile force, 
the belt 1 96 can be brought into non-sliding contact with 
the pulleys 193 and 195. Since the slip ring 197 is of a 

10 non-slidable type, there is no sliding contact in the con- 
duction path between the plating power source 82 and 
the cathode 83. Therefore, the electrical connection can 
property be established between the plating power 
source 82 and the cathode 83, while a noise attributable 

15 to the sliding contact such as a so-called brush noise Is 
suppressed. 

[0237] Since the rotary joint 1 91 and the slip ring 1 97 
are respectively attached to the ends of the support 
shaft 81b and the rotary shaft 194, the replacement 

20 thereof is easy. That is, when one of the rotary joint 1 91 
and the slip ring 197 is replaced, interference between 
the rotary joint 1 91 and the slip ring 1 97 can be avoided, 
which may otherwise occur where the rotary joint 191 
and the slip ring 1 97 are both attached to the support 

25 shaft 81 b or the rotary pipe 77. 

[0238] Since the rotary joint 1 91 and the slip ring 1 97 
are respectively attached to the ends of the support 
shaft 81b and the rotary shaft 194, the lengths of the 
support shaft 81b (rotary pipe 77) and the rotary shaft 

30 194 can be reduced. Therefore, the size of the wafer 
holding/rotating mechanism 74a to 74d as measured 
axialty of the support shaft 81 b can be reduced, so that 
the wafer holding/rotating mechanism 74a to 74d can 
be inverted with a reduced turning radius. 

35 [0239] Where the pulleys 1 93 and 1 95 are directly en- 
gaged with each other without the belt 196, the same 
effects can be provided. Further, where electrically con- 
ductive gears are employed instead of the pulleys 193, 
195 and meshed with each other, the same eftects can 

40 be provided. 

[0240] The components which constitute the conduc- 
tion path extending from the cathode 83 to the plating 
power source 82 are Isolated from the other metal com- 
ponents, the metal screws and the metal bearings, and 

45 assuredly isolated from the ground. This prevents the 
electric current from flowing through unintended por- 
tions, and prevents a noise from interfering with the elec- 
tric current flowing between the cathode 83 and the plat- 
ing power source 82. 

50 [0241 ] The operations of the plating power source 82, 
the inversion driving section 43 (rotary actuator 183), 
the lift mechanism 44 (first motor 44a), the rotative driv- 
ing mechanism 45 (second motor 45a) and the suscep- 
tor movement mechanism 4 6 (aircylinder 46a), andthe- 

55 openingandclosing of the valves 201V, 202V are con- 
trolled by the system controller 155. 
[0242] Next, an explanation will be given to the con- 
struction of the plating cup 56a to 56d. Referring to Figs. 
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9 and 1 1 , the plating vessel 61 a to 61 d includes a cylin- 
drical side wall having an inner diameter virtually equal 
to the outer diameter of the wafer W. A plating liquid sup- 
ply port 54 is provided in a bottom center portion of the 
plating vessel 61a to 61 d. The branch liquid supply pipe 
58a to 58d is connected to the plating liquid supply port 
64 as slightly projecting into the plating vessel 61a to 
61 d. A hemispherical shower head 75 having a multi- 
plicity of holes is attached to an end of the branch liquid 
supply pipe 58a to 58d located in the plating vessel 61 a 
to 61 d. The plating liquid is diffusively Introduced in var- 
ious directions (at various angles) Into the plating vessel 
61 a to 61 d through the shower head 75. 
[0243] A three-dimensional filter including a plurality 
of fluororesin mesh members 49 (about 3 to about 300 
fluororesin mesh members) stacked one on another is 
provided In an upper portion of the plating vessel 61 a to 
61 d. For example, the mesh members 49 each have an 
open mesh size of about 0.5 mm to about 5 mm. 
[0244] The mesh members 49 each have a round plan 
shape having an outer diameter virtually equal to the in- 
ner diameter of the plating vessel 61a to 61d. The plu- 
rality of stacked mesh members 49 generally entirely 
cover the plating vessel 61a to 61 d as viewed in plan. 
The plating liquid supplied upward from the lower side 
of the plating vessel 61 a to 61 d is rectified by the mesh 
members 49. 

[0245] A mesh anode 76 is provided at a level about 
one fourth the depth of the plating vessel 61a to 61 d 
from the bottom in the plating vessel 61a to 61 d (be- 
tween the shower head 75 and the mesh members 49). 
The anode 76 is a titanium mesh member coated with 
iridium oxide, and is Insoluble in the plating liquid. Since 
the anode 76 is mesh-shaped, the flow of the plating 
liquid is not hindered by the anode 76. 
[0246] The anode 76 has a round plan shape having 
an outer diameter virtually equal to the inner diameter 
of the plating vessel 61a to 61 d, and generally entirely 
covers the plating vessel 61 a to 61 d as viewed in plan. 
The anode 76 Is connected to the plating power source 
82 via a conduction line 199B. 
[0247] Components which constitute a conduction 
path extending from the anode 76 to the plating power 
source 82 are isolated from the other metal compo- 
nents, and assuredly isolated from the ground. This pre- 
vents the electric cun^ent from flowing through unintend- 
ed portions, and prevents a noise from interfering with 
the electric current flowing between the anode 76 and 
the plating power source 82. 

[0248] Fig. 16 Is a schematic diagram Illustrating an 
electric equivalent circuit in the plating vessel 61a to 
61 d. With reference to Fig. 15, an explanation will be 
given to how the mesh members 49 influence the uni- 
fonnity of the plating. 

[0249] It is herein assumed that: the plating liquid has 
an electrical resistance Rl in a region of the plating ves- 
sel between the anode 76 and the mesh members 49; 
the plating liquid has an electrical resistance Rp in a re- 



gion of the plating vessel where the vertically stacked 
mesh members 49a are disposed; the seed layer 
fonned on the to-be-treated surface of the wafer W has 
an electrical resistance r^ between the center and the 
5 periphery thereof; and a voltage V is applied between 
the cathode 83 and the anode 76. 
[0250] Provided that the amperage of the electric cur- 
rent flowing vertically from the center of the anode 76 to 
the center of the wafer W is i^ and the amperage of the 
10 electric current flowing vertically from the peripheral por- 
tion of the anode 76 to the peripheral portion of the wafer 
W is ig, the voltage V is represented by an expression 
V=iE(RL+Rp) = iciRL+Rp+^s)- That Is, the amperage i^ 
of the electric current flowing vertically from the periph- 

15 eral portion of the anode 76 to the peripheral portion of 
the wafer W is smaller than the amperage \^ of the elec- 
tric current flowing vertically from the center of the anode 
76 to the center of the wafer W. 
[0251 ] In the region where the mesh members 49 are 

20 disposed, the electric current flows only through the plat- 
ing liquid which fills voids of the mesh members 49, be- 
cause the mesh members 49 are composed of an Insu- 
lative material. Therefore, the plating liquid In the region 
where the mesh members are present has a higher elec- 
ts trical resistance (e.g., a twice higher electrical resist- 
ance) than the plating liquid in the region where the 
mesh members 49 are absent. Accordingly, the electri- 
cal resistance r^ of the seed layer between the center 
and the peripheral portion of the seed layer is smaller 

30 than the electrical resistance Rl+Rp of the plating liquid 
in the entire plating vessel including the region where 
the mesh members 49 are present [r^ « Rl+Rp). 
[0252] Therefore, there is only a small difference be- 
tween the amperage 1^ of the electric current flowing ver- 

35 tically from the center of the anode 76 to the center of 
the wafer W and the amperage i^ of the electric current 
flowing vertically from the peripheral portion of the an- 
ode 76 to the peripheral portion of the wafer W. Since a 
film growth rate in the plating process Is proportional to 

40 the amperage of the electrk; current flowing across the 
interface between the plating liquid and the wafer W, a 
difference in the thickness of the film fomned by the plat- 
ing between the center and the peripheral portion of the 
wafer W is reduced. That is, the unifonnlty of the thlck- 

45 ness of the film formed by the plating is improved by 
providing the mesh members 49 in the plating liquid. The 
untfomnlty of the film thickness is improved as the elec- 
trical resistance of the conduction path is Increased by 
the provision of the mesh members 49. 

50 [0253] Refen-lng to Fig. 9, a plating liquid outlet port 
53 is provided in the bottom of the plating liquid recovery 
vessel 62a to 62d. The branch return pipe 63a to 63d is 
connected in communication with the plating liquid re- 
covery vessel 62a to 62d via the plating liquid outlet port 

55 53. 

[0254] An upper edge portion of theplating vessel 61 a 
to 61 d has a reduced wall thickness with its outer cir- 
cumferential portion cut away, and is complementary in 
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configuration to a portion of the cathode ring 80 (base 
ring 80b) which is brought into opposed relation to the 
upper edge portion of the plating vessel 61a to 61 d in 
the plating process. This prevents the interference be- 
tween the plating vessel 61 a to 61 d and the cathode ring 
80 in the plating process. A distance between the upper 
edge of the plating vessel 61a to 61 d and the wafer W 
may be adjusted within a predetermined range from 0 
mm (see Fig. 11 ). In the plating process, the projection 
80p of the cathode ring 80 is inserted in an upper portion 
of the recovery vessel 62a to 62d. 
[0255] With the wafer W in contact with the plating liq- 
uid, the distance between the wafer W and the mesh 
members 49 is adjusted within a range between 0.5 mm 
and 20 mm in consideration of the flow of the plating 
liquid. More specifically, where the distance between the 
wafer W and the mesh members 49 is reduced as de- 
scribed above, the plating liquid is drawn by the rotating 
wafer W only in a limited region. This suppresses the 
eddy flow of the plating liquid which is unwanted for the 
plating. Thus, the film formed by the plating has a uni- 
form thickness. 

[0256] A cathode cleaning liquid collection vessel 21 0 
is provided around the plating liquid recovery vessel 62a 
to 62d for collecting the cathode cleaning liquid after 
cleaning the cathode 83. That is, the plating cup 56a to 
56d has a triple structure having the plating vessel 61a 
to 61 d, the plating liquid recovery vessel 62a to 62d and 
the cathode cleaning liquid collection vessel 210 ar- 
ranged in this order from the inside to the outside. 
[0257] An overflow pipe 21 3 and a drain pipe 21 4 are 
connected to the bottom of the cathode cleaning liquid 
collection vessel 210 via a liquid trap 211 . The overflow 
pipe 213 is connected to an upper edge portion of a side 
wall of the liquid trap 211 , while the drain pipe 214 is 
connected to the bottom of the liquid trap 211. A con- 
ductivity meter 212 is inserted in the liquid trap 211. 
Thus, the electrical conductivity of the liquid trapped in 
the liquid trap 211 can be measured. An output signal 
of the conductivity meter 212 Is Inputted to the system 
controller 155. 

[0258] The flow channel of the drain pipe 214 is closed 
in the plating process, so that the liquid (cathode clean- 
ing liquid and the like) flowing into the cathode cleaning 
liquid collection vessel 210 fills the liquid trap 211 and 
overflows through the overflow pipe 21 3. When the plat- 
ing unit 20a to 20d is not in use, the flow channel of the 
drain pipe 214 is opened to drain the liquid from the liq- 
uid trap 211. 

[0259] An air outlet pipe 21 5 is also connected to the 
bottom of the cathode cleaning liquid collection vessel 
210, so that gas can be exhausted from the cathode 
cleaning liquid collection vessel 210. For prevention of 
intrusion of the cathode cleaning liquid into the air outlet 
pipe 215, a cover is provided above the air outlet pipe 
215 so as not to close an open end of the air outlet pipe 
215. 

[0260] When the plating process is performed in the 



plating section 12, the system controller 155 first con- 
trols the inversion driving section 43 to invert any of the 
wafer holding/rotating mechanisms 74a to 74d {herein 
assumed to be the wafer holding/rotating mechanism 

5 74a) with the wafer back side press plate 81a thereof 
facing upward. Further, the system controller 155 con- 
trols the susceptor movement mechanism 46 to move 
the wafer back side press plate 81a toward the rotary 
pipe 77, so that the wafer transfer pins 84 project out 

10 through the wafer back side press plate 81 a. This state 
is shown in Fig. 16. 

[0261] The rotation angular position of the spin base 
78 is adjusted so that a circumferential portion of the 
spin base 78 having a wider support post interval (see 
15 Figs. 1 3 (a) and 1 3(b)) is positioned in opposed relation 
to the second transport path 15. The spin base 78 is 
kept at the rotation angular position by a retention torque 
of the second motor 45a. 

[0262] On the other hand, an untreated wafer W is tak- 
20 en out of the cassette C by means of the retractable arm 
41 or the retractable amn 42 of the transport robot TR 
(see Figs. 5(a), 5(b) and 5(c)). The wafer W is loaded 
onto the wafer transfer pins 84 through the space be- 
tween the support posts 79 by the transport robot TR 
25 with the center of the wafer W coinciding with the center 
axis of the rotary pipe 77 (see Figs. 13 (a) and 13(b)). 
In this state, the to-be-treated (to-be-plated) surface of 
the wafer W faces upward. 

[0263] Then, the system controller 155 controls the 

30 susceptor movement mechanism 46 to move the wafer 
back side press plate 81a apart from the rotary pipe 77. 
Thus, the wafer back side press plate 81a presses the 
peripheral edge portion of the lower (back) surface of 
the wafer W, and the peripheral edge portion of the up- 

35 per surface of the wafer W is pressed against the abut- 
ment portion 80a of the cathode ring 80. That is, the wa- 
fer W is held between the wafer back side press plate 
81 a and the abutment portion 80a of the cathode ring 
80. Thus, the peripheral edge portion of the upper sur- 

40 face of the wafer W is sealed by the sealing surface 80s 
of the abutment portion 80a. while the cathode 83 is bi- 
ased toward the wafer W into contact with the peripheral 
edge portion of the upper surface (to-be-treated sur- 
face) of the wafer W. 

45 [0264] The system controller 155 controls the inver- 
sion driving section 43 to invert the wafer holding/rotat- 
ing mechanism 74a so that the wafer W faces down- 
ward. Then, the pump PI is actuated under the control 
of the system controller 1 55 to supply the plating liquid 

50 into the plating vessel 61 a at a flow rate of 1 0 1/min (see 
Fig. 7). Thus, the plating liquid Is slightly raised from the 
edge of the plating vessel 61a to overflow into the re- 
covery vessel 62a. 

[0265] In turn, the system controller 155 controls the 
55 lift mechanism 44 to lower the wafer holding/rotating 
mechanism 74a. The lowering rate of the wafer holding/ 
rotating mechanism 74a is reduced when the distance 
between the lower surface of the wafer W and the sur- 
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face of the plating liquid is reduced to not greater than 
several millimeters. Then, the lower surface of the wafer 
W is gradually brought Into contact with the surface of 
the plating liquid filled in the plating vessel 61 a. A period 
from the start of the contact of the wafer W with the plat- 5 
ing liquid to the completion of the contact should be such 
that the seed layer formed on the lower surface of the 
wafer W Is hardly dissolved in the plating liquid. 
[0266] Since the surface of the cathode ring 80 op- 
posed to the plating vessel 61a is complementary in 
configuration to the upper edge of the plating vessel 
61 a, the cathode ring 80 is fitted around the upper edge 
of the plating vessel ,61 a. When the distance between 
the lower surface of the wafer W and the surface of the 
plating liquid Is reduced to several millimeters, the sys- 
tem controller 155 controls the plating power source 82 
to apply a first voltage between the anode 76 and the 
cathode 83. 

[0267] With the lower surface of the wafer W in con- 
tact with the surface of the plating liquid, the to-be-treat- 
ed surface of the wafer W is spaced about 0.5 mm to 
about 1 mm from the upper edge of the plating vessel 
61 a. A portion of the lower surface of the wafer W inward 
of the sealing surface 80s of the abutment portion 80a 
is entirely kept in contact with the plating liquid. The plat- 
ing liquid flows from the center to the peripheral edge of 
the wafer W along the interface between the plating liq- 
uid and the wafer W, and then flows into the plating liquid 
recovery vessel 62a through a gap between the upper 
edge of the plating vessel 61 a and the wafer W. 
[0268] Subsequently, the system controller 155 con- 
trols the rotative driving mechanism 45 to rotate the wa- 
fer W at a relatively low rotation speed (e.g., 10 rpm to 
1 00 rpm), and then controls the plating power source 82 
to apply a second voltage (plating voltage) between the 
anode 76 and the cathode 83 for energization according 
to a predetenninedelectriccurrentpattemforse- 
veralminutes. Thus, electrons are donated to copper 
Ions In the plating liquid In the interface between the plat- 
ing liquid and the lower surface of the wafer W connect- 
ed to the cathode 83, so that copper atoms are depos- 
ited on the lower surface of the wafer W. Thus, the lower 
surface of the wafer W Is plated with copper. 
[0269] Since the wafer W has an outer diameter vir- 
tually equal to the inner diameter of the plating vessel 
61 a and the anode 76 virtually covers the entire plating 
vessel 61 a as seen in plan, a generally uniform electric 
field is fomned between the anode 76 and the seed layer 
formed on the lower surface of the wafer W. Thus, the 
copper film fomned by the plating has a unifomi thick- 
ness. 

[0270] Iron ions as an oxidizing/reducing agent are 
present In the form of divalent or trivalent iron ions in the 
plating liquid. The copper supply source (copper tube) 
housed in the major constituent managing section 2 
(see Fig. 1) Is deprived of electrons by the trivalent iron 
ions to release copper ions, while the trivalent iron ions 
are turned into divalent iron ions. On the other hand, the 



divalent iron ions donate electrons to the anode 76 
thereby to be turned into trivalent iron ions. 
[0271] In this embodiment, the mesh anode 76 has a 
sufficiently great surface area (e.g., a surface area two 
to ten times the area to be plated). Further, the plating 
liquid can be applied to the entire anode 76 at a suffi- 
ciently high flow rate by the shower head 75. Thus, a 
sufficient amount of divalent iron ions can be supplied 
to the anode 76 to promote the reaction in which the 
divalent iron ions donate electrons to the anode 76 
thereby to be turned into trivalent iron ions. 
[0272] Thus, the iron ions cyclkially experience the 
oxidization and the reduction, so that the amount of elec- 
trons transfen-ed between the plating liquid and the an- 
ode 76 is virtually balanced with the amount of electrons 
transferred between the cathode 83 and the plating liq- 
uid. 

[0273] Therefore, the plating process is free from bub- 
bles of active oxygen, which may othenvise be gener- 
ated when theoxidizing/reducingagentlsnotused. Thus, 
oxidative decomposition of the additives contained In 
the plating liquid can be retarded. Further, it is possible 
to eliminate the possibility that the oxygen bubbles ad- 
here on the lower surface of the wafer W and fill the fine 
holes or grooves formed in the surface (lower surface) 
of the wafer W to hinder the plating. 
[0274] The plating liquid is drawn by the rotating wafer 
W in the vicinity of the interface between the plating liq- 
uid and the wafer W, and subjected to a centrifugal force. 
However, the plating liquid can assuredly be introduced 
Into the recovery vessel 62a by the projection 80p of the 
cathode ring 80. 

[0275] Upon the energization of the plating power 
source 82, the valve 201V Is opened under the control 
of the system controller 1 55. Thus, the cathode cleaning 
liquid is introduced into the fluid channel 81c. The cath- 
ode cleaning liquid flows out of the peripheral openings 
of the wafer back side press plate 81a, and is introduced 
into the cathode cleaning liquid collection vessel 210 
through the fluid channels 80f (see Fig. 11). Thus, the 
cathode electrode 83 is cleaned with the cathode clean- 
ing liquid. 

[0276] The plating liquid Is present opposite from the 
cathode 83 with respect to the wafer W and the abut- 
ment portion 80a. Therefore, the plating liquid does not 
flow to the cathode 83 with the peripheral edge portion 
of the wafer W being sealed by the sealing surface 80s 
of the abutment portion 80a. On the other hand, if the 
sealing between the wafer W and the abutment portion 
80a is insufficient, the plating liquid flows Into a gap be- 
tween the wafer W and the abutment portion 80a to 
reach the cathode 83. If the energized cathode 83 is kept 
in contact with the plating liquid, the cathode 83 is liable 
to be damaged (plated). Further, if the plating process 
is performed with the plating liquid leaking through the 
gap between the wafer W and the abutment portion 80a, 
the film fomied by the plating is poorer in uniformity. 
[0277] However, the plating liquid reaching the cath- 



15 



20 



25 



30 



35 



40 



45 



50 



24 



47 



EP 1 431 424 A2 



48 



ode 83 is washed away by the cathode cleaning liquid, 
so that the cathode 83 is protected. Then, the cathode 
cleaning liquid and the plating liquid flow into the liquid 
trap 211 from the cathode cleaning liquid collection ves- 
sel 21 0. The cathode cleaning liquid and the mixture of s 
the cathode cleaning liquid and the plating liquid differ 
In electrical conductivity. Where the cathode cleaning 
liquid is deionized water, for example, the electrical 
conductivityofthecathodecleaningliquidisdrastically in- 
creased by the plating liquid slightly mixed in the cath- 
ode cleaning liquid. 

[0278] Therefore, a threshold is properly set for the 

electricalconductivity measured bytheconductivity me- 
ter 21 2, so that the system controller 1 55 can detect the 
leakage of the plating liquid from the gap between the 
wafer W and the abutment portion 80a on the basis of 
the output signal of the conductivity meter 212. Upon 
detection of the leakage, the operation of the plating unit 
20a is automatically interrupted under the control of the 
system controller 155, and the operator is informed of 
the leakage of the plating liquid. This prevents continu- 
ation of uneven plating of the wafer W to avoid continu- 
ous production of defective products. 
[0279] After the plating process is perfomned on the 
wafer W for a predetemiined period, the system control- 
ler 155 controls the plating power source 82 to stop the 
energization between the anode 76 and the cathode 83, 
and controls the lift mechanism 44 to lift the wafer W so 
that the lower surface of the wafer W is spaced several 
millimeters apart from the surface of the plating liquid 
filled in the plating vessel 61 a. 
[0280] Further, the system controller 1 55 controls the 
rotative driving mechanism 45 to rotate the wafer W at 
a relatively high speed (e.g., 200 rpm to 1000 rpm) for 
several tens seconds. Thus, the plating liquid is laterally 
spun off from the lower surface of the wafer W. At this 
time, the plated surface of the wafer W is kept covered 
with a film of the plating liquid rather than completely 
dried. Thus, the plated surface of the wafer W is pre- 
vented from being con^oded during transportation of the 
wafer W. 

[0281 ] Under the control of the system controller 1 55, 
the valve 201 V is closed and the valve 202\/ is opened. 
Thus, the cathode cleaning liquid remaining in the fluid 
channel 81c is purged by nitrogen gas, and the cathode 
cleaning liquid in the fluid channels 80f is laterally 
drained by a centrifugal force. The cathode cleaning liq- 
uid remaining in the leak pipe 204 may be sucked to be 
drained by the ejector not shown. 
[0282] In turn, the system controller 155 controls the 
rotative driving mechanism 45 to stop the rotation of the 
wafer W, and controls the lift mechanism 44 to lift the 
wafer holding/rotating mechanism 74a to a predeter- 
mined position. Then, the system controller 1 55 controls 
the inversion driving section 43 to invert the wafer hold- 
ing/rotating mechanism 74a so that the wafer W faces 
upward. The rotation angular position of the spin base 
78 is adjusted so that the circumferential portion of the 



spin base 78 having a wider support post interval is po- 
sitioned in opposed relation to the second transport path 
15. The spin base 78 is kept at the rotation angular po- 
sition by a retention torque of the second motor 45a. 
[0283] Thereafter, the system controller 1 55 controls 
the susceptor movement mechanism 46 to move the 
wafer back side press plate 81 a toward the rotary pipe 
77, whereby the wafer W is disengaged from the wafer 
back side press plate 81a. At this time, the wafer W is 
smoothly released from the sealing surface 80s by the 
resilience of the cathode 83. so that the wafer W is sup- 
ported on the wafer transfer pins 84 as shown in Fig. 1 6. 
Since the cathode cleaning liquid is not present in the 
fluid channels 80f , the cathode cleaning liquid does not 
drip on the upper surface (plated surface) of the wafer 
W. 

[0284] After the wafer W is moved apart from the abut- 
ment portion 80a, the plating liquid remaining on the 
plated surface of the wafer W is sucked through a gap 
between the sealing surface 80s and the wafer W, so 
that the contact portions 83c of the cathode 83 are con- 
taminated with the plating liquid. However, the plating 
liquid adhering to the contact portions 83c is rinsed off 
with the cathode cleaning liquid when the plating proc- 
ess is perfomied on the next wafer W. Therefore, the 
next plating process can be perfomied with the contact 
portions 83c kept clean. 

[0285] The treated wafer W is unloaded through the 
space between the support posts 79 by the retractable 
ami 42 or the retractable arm 41 of the transport robot 
TR. Thus, the plating process on the single wafer W is 
completed. 

[0286] The plating processmay beperfomiedsimulta- 
neously in the plating cups 56a to 56d by simultaneously 
actuating the four pumps P1 to P4, or in some of the 
plating cups 56a to 56d by actuating corresponding 
ones of the pumps PI to P4. 

[0287] Fig. 1 7 is a schematic side view of the plating 
unit 20a. With reference to Fig. 17, an explanation will 
be given to an operation to be perfomied for the main- 
tenance of the plating unit 20a. Since the plating units 
20b to 20d have the same construction as the plating 
unit 20a, the maintenance operation can be performed 
in the same manner 

[0288] An outer cover 220 is provided as a part of the 
barrier wall of the enclosure 30 on a side of the plating 
unit 20a opposite from the second transport path 15. 
The outer cover 220 is removable from the enclosure 
30. When the maintenance operation of the plating unit 
20a is performed, the outer cover 220 is removed. 
[0289] The guide 44c of the lift mechanism 44 in- 
cludes a pivot member 221 provided at an end thereof 
adjacent to the first motor 44a as extending longitudi- 
nally of the guide 44c. The pivot member 221 is hinged 
to a frame 222a of the wafer treating section 1 so as to 
be pivotal about a pivot shaft 223 extending generally 
horizontally and parallel to the second transport path 1 5. 
The pivot shaft 223 is located closer to the outer cover 
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220 than the plating cup 56a at a lower position than the 
plating cup 56a. 

[0290] The guide 44c can be fixed to a frame 222b of 
the wafer treating section 1 located at a higher position 
than the frame 222a by a fixture screw 224. With the s 
guide 44c fixed to the frame 222b by the fixture screw 
224, the vertical base 1 82 is located vertically, and the 
wafer holding/rotating mechanism 74a is located above 
the plating cup 56a. In this state, the plating process is 
perfomned. io 
[0291] The pivoting of the guide 44c is restricted by 
the frame 222b so as not to be inclined toward the plat- 
ing cup 56a from a vertical position. That is, the guide 
44c is only permitted to ph/ot apart from the plating cup 
56a from the vertical position. is 
[0292] The pivot member 221 is coupled to a frame 
222c of the wafer treating section 1 located at a lower 
position than the frame 222a via a gas damper 225. The 
gas damper 225 includes a cylinder and a piston, and 
is designed so that the piston resists a force exerted 20 
thereon inwardly of the cylinder by the pressure of gas 
charged In the cylinder. A cylinder end of the gas damper 
225 is pivotal ly attached to the frame 222c, while a pis- 
ton end of the gas damper 225 is pivotally attached to 
the pivot member 221 . 25 
[0293] An abutment portion 226 extends from the 
guide 44c perpendicularly to the length of the guide 44c. 
When the guide 44c Is pivoted about 90 degrees around 
the pivot shaft 223 from the vertical position, an end of 
the abutment portion 226 abuts against a stopper 227 30 
provided on the frame of the wafer treating section 1 for 
prevention of further pivoting of the guide 44c. In this 
state, the guide 44c is kept generally horizontally. A por- 
tion of the stopper 227 to be brought into abutment 
against the abutment portion 226 is covered with a rub- 35 
ber, so that a shock exerted thereon can be alleviated 
when the abutment portion 226 abuts against the stop- 
per 227. 

[0294] When the maintenance operation of the plating 
unit 20a is performed, the outer cover 220 is removed 40 
with the plating process stopped. Thus, the operator can 
perfonn the maintenance operation on the side of the 
apparatus where the outer cover has been attached. 
Subsequently, the fixture screw 224 is removed, and the 
wafer holding/rotating mechanism 74a is gradually in- 45 
dined toward the operator by pivoting the pivot member 

221 about the pivot shaft 223. 

[0295] At this time, the gas damper 225 is operative 
so that the piston Is forced Into the cylinder. Therefore, 
only a small force is required for the operator to incline so 
the wafer holding/rotating mechanism 74a with the aid 
of the resilient force of the gas damper 225. Even if the 
operator inadvertently lets his hands off from the wafer 
holding/rotating mechanism 74a, the resilient force of 
the gas damper 225 prevents the wafer holding/rotating ss 
mechanism 74a from abruptly falling down. 
[0296] With the guide 44c kept generally horizontally, 
the abutment portion 226 abuts against the stopper 227, 



so that the wafer holding/rotating mechanism 74a can- 
not be moved further more. In this state, the wafer hold- 
ing/rotating mechanism 74a projects laterally from the 
wafer treating section 1 , so that the top of the plating 
cup 56a is open. This state is illustrated by a two-dot- 
and-dash line in Fig. 17. Thus, the operator can easily 
access an intended portion, and easily perform the 
maintenance operation. 

[0297] The plating process should be performed with 
the center axis of the cathode ring 80 coinciding with the 
center axis of the plating vessel 61 a to 61 d. This is be- 
cause there Is a very small gap between the upper edge 
of the plating vessel 61a to 61 d and the lower surface 
of the cathode ring 80 In the plating process, and the 
plating vessel 61 a to Bid interferes with the cathode ring 
80 if the center of the wafer W held by the wafer holding/ 
rotating mechanism 74a to 74d is offset from the center 
axis of the plating vessel 61a to 61 d (see Fig. 11). The 
plating cup 56a to 56d Is property positioned so that the 
center axis of the cathode ring 80 coincides with the 
center axis of the plating vessel 61 a to 61 d. 
[0298] Unless the upper edge of the plating vessel 
61a to 61 d is kept horizontal, the plating liquid cannot 
be raised from the edge of the plating vessel 61a to 61 d 
so as to be brought into contact with the wafer W. There- 
fore, the upper edge of the plating vessel 61 a to 61 d, if 
not kept horizontal, should be leveled horizontally 
[0299] Fig. 1 8 is a schematic side view of the plating 
cup 56a. With reference to Fig. 18, an explanation will 
be given to how to position the plating cup 56a and how 
to level the upper edge of the plating cup 56a horizon- 
tally. Since the plating cups 56b to 56d have the same 
construction as the plating cup 56a, the positioning and 
leveling can be achieved in the same manner. 
[0300] A first planar base plate 230 is unltarily fixed 
to the lower portion (bottom) of the plating cup 56a. The 
first base plate 230 is slightly greater in size than the 
bottom face of the plating cup 56a as viewed In plan. A 
second planar base plate 231 is attached to a lower por- 
tion of the first base plate 230 (opposite from the plating 
cup 56a). The second base plate 231 Is fixed to a frame 
236 of the wafer treating section 1 . The second base 
plate 231 is slightly greater in size than the first base 
plate 230 as viewed in plan. 

[0301] The first base plate 230 and the second base 
plate 231 each have through-holes extending through 
the thickness thereof, and the branch liquid supply pipe 
58a and the branch return pipes 63a extend through 
these through-holes. The branch liquid supply pipe 58a 
and the branch return pipes 63a are connected to the 
plating cup 56a by f luororesin joints 239. 
[0302] The first base plate 230 has at least three fix- 
ture holes 233 formed in a peripheral edge portion there- 
of as extending through the thickness thereof. The sec- 
ond base plate 231 has inner thread portions provided 
therein in association with the fixture holes 233. Fixture 
screws 235 having outer thread portions are respective- 
ly inserted through the fixture holes 233 and tightened 
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into the inner thread portions 234 formed in the second 
base plate 231 .Thus, the first base plate 230 is fixed to 
the second base plate 231 . 

[0303] The inner diameter of the fixture holes 233 is 
greater than the outer diameter of the fixture screws 
235. For example, the fixture holes 233 each have an 
inner diameter of 1 0 mm, while the fixture screws 235 
each have an outer diameter of 6 mm. In this case, the 
first base plate 230 is movable by 4 mm in any directions 
within the plane of the first base plate 230. In this case, 
washers 237 each having an outer diameter of 1 8 mm, 
for example, are provided between screw heads of the 
fixture screws 235 and the first base plate 230 to prevent 
the screw heads of the fixture screws 235 from falling 
into the fixture holes 233. 

[0304] With the fixture screws loosened, the first base 
plate 230 can be moved in any directions within the 
plane of the first base plate 230 to adjust the horizontal 
position of the plating vessel 61a. 
[0305] The second base plate 231 is fixed to the frame 
236 by at least three pairs of push screws 238A and pull 
screws 238B arranged in circumferentially spaced rela- 
tion. The heights of the second base plate 231 from the 
frame 236 at the positions of the respective pairs of the 
push screws 238A and the pull screws 238B can be ad- 
justed by property adjusting the push screws 238A and 
the pull screws 238B. Thus, the inclination of the second 
base plate 231 can be adjusted. 
[0306] I n general , the upper edge of the plating vessel 
61a is leveled horizontally by attaching the first base 
plate 230 to the horizontally leveled second base plate 
231 . For the leveling of the upper edge of the plating 
vessel 61 a. a !eveler is first placed on the second base 
plate 231 with the plating vessel 61 a removed, and then 
the second base plate 231 is leveled horizontally. There- 
after, the first base plate 230 is attached to the second 
base plate 231 .Thus, the upper edge of the plating ves- 
sel 61a is leveled horizontally. 
[0307] At this time, the fixture screws 235 are loos- 
ened. In turn, the wafer holding/rotating mechanism 74a 
is lowered, and the first base plate 230 is moved with 
respect to the second base plate 231 so that the cathode 
ring 80 is fitted around the upper edge of the plating ves- 
sel 61a. Thus, the horizontal position of the plating ves- 
sel 61a is adjusted. 

[0308] In general, the center axis of the cathode ring 
80 and the center axis of the plating vessel 61 a are ad- 
justed generally parallel to each other with the wafer 
holding/rotating mechanism 74a and the plating cup 56a 
kept in opposed relation. Therefore, the plating vessel 
61a is property positioned in the aforesaid manner so 
that the center axis of the plating vessel 61a and the 
center axis of the cathode ring 80 can coincide with each 
other. With the plating vessel 61a properly posifioned, 
the fixture screws 235 are tightened to fix the position 
of the plating vessel 61a. 

[0309] Fig. 19 is a schematic sectional view illustrat- 
ing the common construction of the bevel etching units 



21a, 21b. 

[031 0] A spin chuck 86 for generally horizontally hold- 
ing and rotating the wafer W is provided in a generally 
cylindrical cup 85. The spin chuck 86 is adapted to hold 

s the wafer W by sucking a center portion of the tower sur- 
face of the wafer W without contacting the peripheral 
edge of the wafer W. The spin chuck 86 has a vertical 
rotation shaft 87, and a rotative driving force is transmit- 
ted from a rotative driving mechanism 88 to the rotation 

10 shaft 87. A lift mechanism 89 for moving up and down 
the spin chuck 86 is coupled to the spin chuck 86, so 
that the spin chuck 86 can be brought into a state where 
its upper portion is accommodated in the cup 85 and 
into a state where its upper portion is located above an 

15 upper edge of the cup 85. 

[031 1 ] The cup 85 includes three cups 85a to 85c co- 
axially an-anged. The outemnost one of the cups 85a to 
85c has an upper edge located at the highest position, 
and the middle cup 85b has an upper edge located at 

20 the lowest position. An annular treatment liquid guide 
plate 85d as seen In plan is coupled to an upper edge 
of the innemiost cup 85c. An outer edge of the treatment 
liquid guide plate 85d is bent to be inserted into a space 
between the cup 85a and the cup 85b. 

25 [0312] A treatment liquid collection vessel 97 having 
an open top is defined between the cup 85a and the cup 
85b, and an air outlet vessel 98 is defined between the 
cup 85b and the cup 85c. A liquid drain port 97a is pro- 
vided in the bottom of the treatment liquid collection ves- 

30 sel 97, and an air outlet port 98a Is provided in the bot- 
tom of the air outlet vessel 98. 
[0313] A rinse nozzle 90 is provided above the cup 
85. A rinse liquid pipe 91 is connected in communication 
with the rinse nozzle 90, and a rinse liquid supply source 

35 92 is connected to the rinse liquid pipe 91 . A valve 91V 
is provided in the rinse liquid pipe 91 . With the valve 91V 
being open, the rinse liquid can be discharged through 
the rinse nozzle 90 to be supplied to the upper surface 
of the wafer W held by the spin chuck 86. 

40 [0314] Another rinse nozzle 99 extends through the 
treatment liquid guide plate B5d from the lower side. A 
rinse liquid pipe 1 00 is connected in communication with 
the rinse nozzle 99, and the rinse liquid supply source 
92 is connected to the rinse liquid pipe 100. A valve 

45 100V is provided in the rinse liquid pipe 100. With the 
valve 100V being open, the rinse liquid can be dis- 
charged through the rinse nozzle 99 to be supplied to 
the lower surface of the wafer W held by the spin chuck 
86. 

50 [0315] The rinse liquid may be, for example, deion- 
ized water. In this case, the rinse liquid (deionized water) 
can be supplied into the rinse liquid pipes 91, 100 
through the deionized water pipe 32 extending through 
the deionized water pipe introduction port 32h formed 

55 in the enclosure 30 (see Fig. 3). 

[0316] An etching pipe 93 is provided generally verti- 
cally above the cup 85 . The etching pipe 93 has a groove 
94 provided in a lower end portion thereof as opening 
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horizontally toward the center of the cup 85 in associa- 
tion with the surface of the wafer W held by the spin 
chuck 86. The peripheral edge of the wafer W can be 
inserted in the groove 94. The inner space of the groove 

94 and the inner space of the etching pipe 93 commu- 
nicate with each other. 

[0317] A movement mechanism 95 Is coupled to the 
etching pipe 93. The etching pipe 93 can be moved ver- 
tically and radially of the cup 85 by the movement mech- 
anism 95. Thus, the etching pipe 93 can be moved be- 
tween a treatment position at which the peripheral edge 
of the wafer W is inserted in the groove 94 and a retract- 
ed position at which the etchingpipe 93 is retracted from 
the treatment position apart from the wafer W. The etch- 
ing pipe 93 can also be retracted laterally beyond the 
cup 85. 

[0318] The etching pipe 93 is connected via the post- 
treatment agent pipe PI 4 to an etching liquid supply 
source 96 disposed in the post-treatment agent supply- 
ing section 4 (see Fig. 1) and containing the etching liq- 
uid. A valve 93V is provided in the post-treatment agent 
pipe P14 between the etching pipe 93 and the etching 
liquid supply source 96. With the valve 93V being open, 
the etching liquid can be supplied to the Inner space of 
the groove 94. The flow rate of the etching liquid can 
also be adjusted by the valve 93V The etching liquid 
may be, for example, a mixture of sulfuric acid, hydrogen 
peroxide aqueous solution and water. 
[0319] The operations of the rotative driving mecha- 
nism 88, the lift mechanism 89 and the movement mech- 
anism 95, and the opening and closing of the valves 91 V, 
100V, 93V are controlled by the system controller 155. 
[0320] When the peripheral edge of the wafer W is to 
be etched by the bevel etching unit 21 a, 21 b, the system 
controller 155 first controls the movement mechanism 

95 to retract the etching pipe 93 at the retracted position. 
[0321 ] I n turn , the system controller 1 55 controls the 
lift mechanism 89 to move up the spin chuck 86 so that 
the upper portion of the spin chuck 86 is located above 
the upper edge of the cup 85. The wafer W subjected to 
the plating process in the plating section 12 is loaded 
into the bevel etching unit 21 a or 21 b by the retractable 
arm 41 or the retractable arm 42 of the transport robot 
TR (see Figs. 5(a), 5(b) and 5(c)), and held by the spin 
chuck 86 by suction with the center of the wafer W co- 
inciding with the center axis of the rotation shaft 87. The 
surface of the wafer W subjected to the plating process 
faces upward. 

[0322] Thereafter, the system controller 155 controls 
the lift mechanism 89 to move down the spin chuck 86. 
Thus, the wafer W held by the spin chuck 86 Is surround- 
ed by the cup 85a. Then , the system controller 1 55 con- 
trols the rotative driving mechanism 88 to rotate the wa- 
fer W held by the spin chuck 86. The rotation speed of 
the wafer W is, for example, about 500 rpm. 
[0323] In this state, the valves 91V and 100V are 
opened under the control of the system controller 155. 
Thus, the rinse liquid is supplied to the upper and lower 



surfaces of the wafer W from the rinse nozzles 90 and 
99. The rinse liquid spreads toward the peripheral edge 
of the wafer W by a centrifugal force, and flows over the 
entire upper surface of the wafer W and the lower sur- 
5 face of the wafer W except a portion thereof in contact 
with the spin chuck 86. Thus, the wafer W is cleaned. 
[0324] The rinse liquid is spun off laterally of the wafer 
W by the centrifugal force, and flows over the Interior of 
the cup 85a and the upper surface of the treatment liquid 
10 guide plate 85d down Into the treatment liquid collection 
vessel 97. The rinse liquid is introduced into a collection 
tank not shown through the liquid drain port 97a. Further, 
gas is exhausted from the cup 85 through the air outlet 
port 98a by an air exhauster system not shown. Thus, 
'5 mist of the rinse liquid and the like are prevented from 
scattering out of the cup 85. 

[0325] After the rinsing process is perfonned fora pre- 
detennined period, the valves 91 V, 1 0OV are closed un- 
der the control of the system controller 155. The wafer 
W is continuously rotated, whereby the rinse liquid re- 
maining on the wafer W is mostly spun off. 
[0326] Subsequently, the system controller 155 con- 
trols the movement mechanism 95 to move the etching 
pipe 93 to the treatment position. Thus, the peripheral 
edge of the wafer W is inserted in the groove 94 as 
shown in Fig. 1 9. At this time, the rotation speed of the 
wafer W may be, for example, about 500 rpm. Then, the 
valve 93V is opened under the control of the system con- 
troller 155. The flow rate of the etching liquid may be, 
for example. 20 ml/min. Thus, the etching liquid is sup- 
plied into the groove 94 from the etching liquid supply 
source 96. The etching liquid flows out of the groove 94, 
so that the groove 94 is virtually filled with the etching 
liquid. 

[0327] Since the peripheral edge of the wafer W is in- 
serted in the groove 94, a part of the thin copper film 
fonmed on the peripheral edge of the wafer W is dis- 
solved by the etching liquid. With the wafer W being ro- 
tated, the peripheral edge of the wafer W is moved rel- 
ative to the etching pipe 93 located at the treatment po- 
sition. As a result, the entire peripheral edge of the wafer 
W is etched. An etching width is detemiined by an in- 
sertion depth of the wafer W in the groove 94, so that 
the etching process can accurately be perfonned with a 
desired etching width. 

[0328] Like the rinse liquid, the etching liquid spun off 
laterally of the wafer W by a centrifugal force Is once 
collected in the collection vessel 97, and then introduced 
into the collection tank not shown through the liquid 
drain port 97a. During this period, gas is continuously 
exhausted through the air outlet port 98a, so that mist 
of the etching liquid is prevented from scattering out of 
the cup 85. 

[0329] After the etching liquid is continuously supplied 
for a predetennined period (e.g., several tens seconds) 
for the etching of the thin copper film on the peripheral 
edge of the wafer W, the valve 93V is closed under the 
control of the system controller 155 to stop the supply 
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of the etching liquid to the groove 94. Thus, the etching 
process tor etching the peripheral edge of the wafer W 
is completed in the absence of the etching liquid in the 
groove 94. 

[0330] Thereafter, the valves 91V, 100V are opened 
again under the control of the systeai controller 155 to 
supply the rinse liquid to the surfaces of the wafer W. 
Thus, the etching liquid remaining on the peripheral 
edge portion of the wafer W is rinsed away with the rinse 
liquid. During this period, the system controller 155 con- 
trols the movement mechanism 95 to move the etching 
pipe 93 to the retracted position. 
[0331] After the rinse liquid is continuously supplied 
forapredetenninedperiod(e.g. .about one minute) .the 
valves 91V, 100V are closed under the control of the 
system controller 1 55 to stop the supply of the rinse liq- 
uid. The system controller 1 55 controls the rotative driv- 
ing mechanism 88 to rotate the spin chuck 86 at a high 
rotation speed (e.g., about 1000 rpm) for a predeter- 
mined period (e.g., several tens seconds) for spinning 
off the rinse liquid from the wafer W for drying. Then, the 
rotation of the spin chuck 86 is stopped. 
[0332] Subsequently, the system controller 155 con- 
trols the lift mechanism 89 to move up the spin chuck 
86 so that the wafer W held by the spin chuck 86 is lo- 
cated above the upper edge of the cup 85. Then, the 
wafer W is released out of the suction-hetd state. 
[0333] I n turn, the treated wafer W is unloaded by the 
retractable ami 42 or the retractable arm 41 of the trans- 
port robot TR. Thus, the etching process for the etching 
of the peripheral edge of the single wafer W is complet- 
ed. Since no thin copper film is present on the peripheral 
edge of the treated wafer W, there is no possibility that 
copper adheres on the substrate holder hand 41c, 42c 
when the peripheral edge of the wafer is held by the sub- 
strate holder hand 41c, 42c (see Fig. 5(a)) in the sub- 
sequent steps. 

[0334] I n this embodiment, the cup 85 is fixed, and the 
spin chuck 86 is adapted to be moved up and down by 
the lift mechanism 89. However, it is merely necessary 
to vertically move the spin chuck 86 and the cup 85 rel- 
ative to each other For example, the spin chuck 86 may 
vertically be fixed, and the cup 85 may be adapted to be 
moved up and down. Even in this case, the upper portion 
of the spin chuck 86 can be located above the upper 
edge of the cup 85, so that the wafer W can be loaded 
and unloaded by the retractable ami 41 or the retracta- 
ble ami 42. 

[0335] Fig. 20 is a schematic sectional view illustrat- 
ing the common construction of the cleaning units 22a, 
22b. 

[0336] A spin chuck 102 for generally horizontally 
holding and rotating the wafer W is provided in a gener- 
ally cylindrical cup 101 . The spin chuck 102 includes a 
vertical rotation shaft 102a and a disk spin base 102b 
provided at an upper end of the rotation shaft 1 02a per- 
pendiculariy to the rotation shaft 102a. A plurality of 
chuck pins 1 02e are provided upright on a peripheral 



edge portion of an upper surface of the spin base 102b 
in circumferentially spaced relation. The chuck pins 
1 02e cooperatively support a peripheral edge portion of 
the lower surface of the wafer W in abutment against 

5 the peripheral surface (circumferential surface) of the 
wafer W for holding the wafer W. 
[0337] A rotative driving force is transmitted to the ro- 
tation shaft 102a of the spin chuck 102 from a rotative 
driving mechanism 103. A lift mechanism 104 for mov- 

10 ing up and down the spin chuck 102 is coupled to the 
spin chuck 102. so that the spin chuck 102 can be 
brought into a state where its upper portion is accom- 
modated in the cup 101 and into a state where its upper 
portion is located above an upper edge of the cup 101 . 

15 [0338] The cup 101 includes three cups 101 a to 101c 
coaxially arranged. The outemiost one of the cups 101a 
to 101c has an upper edge located at the highest posi- 
tion, and the middle cup 1 01 b has an upper edge located 
at the lowest position. An annular treatment liquid guide 

20 plate 1 01 d as seen In plan is coupled to an upper edge 
of the innermost cup 101c. An outer edge of the treat- 
ment liquid guide plate 1 0ld is bent to be inserted Into 
a space between the cup 1 01 a and the cup 101b. 
[0339] A treatment liquid collection vessel 1 05 having 

25 an open top is defined between the cup 101 a and the 
cup 101b, and an air outlet vessel 106 is defined be^ 
tween the cup 1 01 b and the cup 1 01 c. A liquid drain port 
105a is provided in the bottom of the treatment liquid 
collection vessel 1 05, and an air outlet port 106a is pro- 

30 vided in the bottom of the air outlet vessel 106. 

[0340] A nozzle 107 is provided above the cup 101 . 
The nozzle 107 is connected in communication with the 
rinse liquid supply source via a valve 107V. By opening 
the valve 107V, the rinse liquid can be discharged to- 

35 ward the wafer W held by the spin chuck 1 02 from the 
nozzle 1 07. 

[0341] The rotation shaft 102a has a treatment liquid 
supply channel 102c extending there through axially 
thereof, and an open upper end serving as a treatment 

40 liquid outlet port 102d. The cleaning liquid can be sup- 
plied into the treatment liquid supply channel 102c 
through the post-treatment agent pipe PI 4 from a clean- 
ing liquid supply source provided in the post-treatment 
agent supplying section 4 (see Fig. 1). The rinse liquid 

45 can also be supplied into the treatment liquid supply 
channel 102c from the rinse liquid supply source. 
[0342] The cleaning liquid may be, for example, a mix- 
ture of sulfuric acid, a hydrogen peroxide aqueous so- 
lution and water. The rinse liquid may be, for example, 

50 deionized water. In this case, the rinse liquid (deionized 
water) can be supplied into the treatment liquid supply 
channel 102c and the nozzle 107 via the deionized wa- 
ter pipe 32 extending through the deionized water pipe 
introduction port 32h fomied In the enclosure 30 (see 

55 Fig. 3). 

[0343] A valve 1 08V is provided between the treat- 
ment liquid supply channel 1 02c and the cleaning liquid 
supply source. A valve 1 09V is provided between the 
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treatment liquid supply cliannel 1 02c and the rinse liquid 
supply source. By closing the valve 109V and opening 
the valve 108V, the cleaning liquid can be discharged 
from the treatment liquid outlet port 1 02d. By closing the 
valve 1 08V and opening the valve 1 09V, the rinse liquid 5 
can be discharged from the treatment liquid outlet port 
102d. Thus, the cleaning liquid or the rinse liquid can be 
supplied to the center of the lower surface of the wafer 
W held by the spin chuck 102. 

[0344] The operations of the rotative driving mecha- io 
nism 103 and the lift mechanism 104, and the opening 
and closing of the valves 1 07V, 1 08V, 1 09V are control- 
led by the system controller 155. 
[0345] When the wafer W is to be cleaned in the clean- 
ing unit 22a or 22b, the system controller 155 controls is 
the lift mechanism 1 04 to move up the spin chuck 1 02 
so that the upper portion of the spin chuck 1 02 is located 
above the upper edge of the cup 1 01 . The wafer W sub- 
jected to the bevel etching process in the bevel etching 
unit 21a or 21b Is loaded Into the cleaning unit 22a or 20 
22b by the retractable ami 41 or the retractable arm 42 
of the transport robot TR (see Figs. 5(a), 5(b) and 5(c)), 
and mechanically held by the chuck pins 102e with the 
center of the wafer W coinciding with the center axis of 
the rotation shaft 1 02a. 25 
[0348] Thereafter, the system controller 155 controls 
the lift mechanism 104 to move down the spin chuck 
102. Thus, the wafer W held by the spin chuck 102 is 
surrounded by the cup 101a. Then, the system control- 
ler 155 controls the rotative driving mechanism 103 to 30 
rotate the wafer W held by the spin chuck 102. The ro- 
tation speed of the wafer W is, for example, about 500 
rpm. Gas is exhausted from the cup 1 01 through the air 
outlet port 1 06a by the exhauster system not shown. 
[0347] In this state, the valves 1 07V, 1 08V are opened 35 
underthe control of the system controller 1 55. Thus, the 
rinse liquid and the cleaning liquid are discharged to- 
ward the wafer W from the nozzle 1 07 and the treatment 
liquid outlet port 102d, respectively. The rinse liquid and 
the cleaning liquid supplied to the surfaces of the wafer 40 
W spread toward the peripheral edge of the wafer W by 
a centrifugal force. Thus, the entire lower surface of the 
wafer W is cleaned. 

[0348] The rinse liquid and the cleaning liquid are 
spun off laterally of the wafer W by the centrifugal force, 45 
and flows over the interior of the cup 101a and the upper 
surface of the treatment liquid guide plate 101d down 
into the treatment liquid collection vessel 1 05. The rinse 
liquid and the cleaning liquid are Introduced into the col- 
lection tank not shown through the liquid drain port 1 05a. so 
Further, gas Is exhausted from the cup 101 through the 
air outlet port 1 06a. Thus, mist of the cleaning liquid can 
be exhausted through the air outlet port 1 06a so as to 
be prevented from scattering out of the cup 1 01 . 
[0349] After this process is performed for a predeter- 55 
mined period, the valve 108V Is closed and the valve 
1 09V is opened under the control of the system control- 
ler 155. Thus, the rinse liquid is discharged toward the 



lower surface of the wafer W from the treatment liquid 
outlet port 102d. The supply of the rinse liquid to the 
upper surface of the wafer W from the nozzle 1 07 is con- 
tinued. Thus, the cleaning liquid is rinsed away from the 
lower surface of the wafer W. After this process is con- 
tinued for a predetemiined period (e.g., about one 
minute), the valves 1 07V and 1 09V are closed underthe 
control of the system controller 1 55 to stop the supply 
of the rinse liquid to the wafer W. 
[0350] Subsequently, the system controller 155 con- 
trols the rotative driving mechanism 103 to rotate the 
wafer W held by the spin chuck 1 02 at a high speed, for 
example, at about 2000 rpm. Thus, the rinse liquid re- 
maining on the wafer W is mostly spun off for drying. 
Afterthe high-speed rotation of thewaferW is continued 
for a predetemiined period (e.g., several tens seconds), 
the system controller 155 controls the rotative driving 
mechanism 1 03 to stop the rotation of the wafer W. 
[0351 ] In turn , the system controller 1 55 controls the 
lift mechanism 1 04 to move up the spin chuck 1 02 so 
that the wafer W held by the spin chuck 1 02 is located 
above the upper edge of the cup 101. Thus, the wafer 
W is released from the chuck pins 102e. 
[0352] Then, the treated wafer W is unloaded by the 
retractable arm 42 or the retractable amn 41 of the trans- 
port robot TR. Thus, the cleaning process for the clean- 
ing of the single wafer W is completed. 
[0353] In this embodiment, the cup 101 is fixed, and 
the spin chuck 1 02 is adapted to be moved up and down 
by the lift mechanism 104. However, it is merely neces- 
sary to vertically move the spin chuck 1 02 and the cup 

101 relative to each other. For example, the spin chuck 

102 may vertically be fixed, and the cup 101 may be 
adapted to be moved up and down. Even in this case, 
the spin base 1 02b can be located above the upper edge 
of the cup 1 01 , so that the wafer W can be loaded and 
unloaded by the retractable ami 41 or the retractable 
arm 42. 

[0354] Fig. 21 is a block diagram Illustrating the con- 
struction of a control system for the wafer treating sec- 
tion 1 . 

[0355] The system controller 155 controls the wafer 

treating section 1 , the major constituent managing sec- 
tion 2, the minor constituent managing section 3 and the 
post-treatment agent supplying section 4 to comprehen- 
sively manage the entire plating apparatus 10. More 
specifically, the system controller 155 monitors the 
states of the respective sections, issues proper control 
commands to the respective sections, generates data 
for the respective sections, and takes in data from the 
respective sections. 

[0356] Hardware of the system controller 155 in- 
cludes a central processing unit (CPU) 155C having a 
processing capability of 10 MIPS (million instructions 
per second) or more, a storage device 155M including 
a semiconductor memory having a storage capacity of 
1 0 Mbytes or more and a magnetic memory having a 
storage capacity of 1 Mbyte or more, RS-232C compat- 
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ibie serial ports 280, RS-485 compatible serial ports 
281, and a plurality of printed circuit boards 155P. The 
magnetic memory may be, for example, a hard disk (HD) 
incorporated in a hard disk drive (HDD), or a flexible disk 
(FD) to be inserted in a flexible disk drive (FDD). 
[0357] Software employed in the system controller 
155 includes an operating system, and application pro- 
grams which are at least partly described in a high-level 
language. These programs are stored in the storage de- 
vice 155M. The application programs include recipes for 
perfomiing the plating process, the bevel etching proc- 
ess, the cleaning process and the like. 
[0358] The system controller 155 is connected to a 
display 156, a keyboard 157, a pointing device (e.g., a 
mouse) 156p, so that the operator can interact with the 
system controller 155 for inputting and outputting infor- 
mation. The system controller 155 is further connected 
to an audible alamri generator 1 58. When a certain event 
occurs, e.g., when the leakage of the plating liquid oc- 
curs which is judged on the basis of the output signal of 
the conductivity meter 212 (see Fig. 9) or when the re- 
sidual amount of the copper supply source (copper tube) 
for supplying copper ions to the plating liquid is reduced 
below a predetemriined level, an audible alarm is given, 
and infonmation on the alarm is displayed on the display 
156. 

[0359] The system controller 1 55 is connected to the 
transport controller 29 (see Fig. 2), the major constituent 
managing section 2 and the minor constituent managing 
section 3 via the RS-232C compatible serial ports 280 
by cables. The system controller 155 is further connect- 
ed to a motor controller 159 by a pulse-string input/out- 
put cable, and connected to a pump controller 160, the 
flow meters 60a to 60d and the absorptiometers 66A 
and 66B by analog signal cables. 
[0360] Thus, the system controller 155 is capable of 
controlling motors provided in the rotative driving mech- 
anisms 45, 88, 103 (see Figs. 9, 19 and 20), for example, 
via the motor controller 159, and controlling the opera- 
tions of the pumps P1 to P4 (see Fig. 7) in the plating 
section 12. for example, via the pump controller 160. 
Signals indicative of the flow rates from the flow meters 
60a to 60d (see Fig. 7) are inputted as analog signals 
to the system controller 155. Further, the system con- 
troller 155 controls the operations of the absorptiome- 
ters 66A, 66B (e.g., light emission of the light emitting 
sections 68A, 68B) on an analog signal basis, and re- 
ceives analog signals outputted from the light receiving 
sections 69A, 698. 

[0361] The system controller 155 is further connected 
to the major constituent managing section 2, the post- 
treatment agent supplying section 4 and serial/parallel 
converters 1 61 a, 1 61 b via the RS-485 compatible serial 
ports 281 by cables. In Fig. 21, only two serial/parallel 
converters 161a. 161b are shown, but the system con- 
troller 1 55 may be connected to a greater number of se- 
rial/parallel converters. 

[0362] The serial/parallel converters 161a and 161b 



are respectively connected to electromagnetic valves 
162a and 162b, and sensors 163a and 163b (e.g., the 
temperature sensor 70, the electromagnetic conductiv- 
ity meter 71 , the ultrasonic level meter 72 (see Fig. 7)) 
5 via parallel cables. The electromagnetk; valves 162a. 
162b are capable of controlling air valves (e.g., the 
valves 91V, 100V (see Fig. 1 9) and the vah^e 107V (see 
Fig. 20)). 

[0363] Fig. 22 is a schematic diagram illustrating the 
10 construction of the major constituent managing section 

2. 

[0364] The major constituent managing section 2 in- 
cludes at least one copper dissolution tank (two copper 
dissolution tanks 110a, 110b in this embodiment) for 

15 supplying copper ions to the plating liquid, a buffer con- 
tainer 111 for supplying a replacement liquid to one of 
the copper dissolution tanks 110a, 110b not in use, and 
an undiluted replacement liquid supplying section 112 
for supplying an undiluted replacement liquid as a 

20 source of the replacement liquid to the buffer container 
111. 

[0365] Copper tubes 146 are provided as the copper 
supply source in each of the copper dissolution tanks 
110a, 110b. The plating liquid is circulated through the 

25 plating liquid container 55 of the wafer treating section 
1 and the copper dissolution tank 110a. 110b, whereby 
copper ions consumed by the plating are replenished in 
the plating liquid. In the copper dissolution tank 110a 
(110b) through which the plating liquid is not circulated 

30 in communication with the plating liquid container 55, 
the surface of the copper tubes 146 can be maintained 
in a proper state by filling the replacement liquid in the 
copper dissolution tank 11 Oa (11 Ob). This ensures prop- 
er leach-out of copper ions from the copper tubes 146 

35 when the circulation of the plating liquid through the plat- 
ing liquid container 55 and the copper dissolution tank 
110a(110b)ls started. 

[0366] The copper dissolution tanks 1 1 0a, 1 1 0b each 
have a cylindrical sealed structure having a closed bot- 

40 torn and a generally vertical axis. The copper dissolution 
tank 1 1 0a, 1 1 0b is placed on a weight meter 1 54a, 1 54b, 
which is adapted to measure the total weight of the cop- 
per dissolution tank 110a, 110b including its content. 
[0367] The copper dissolution tank 110a, 110b in- 

45 eludes an outer pipe 1 1 6a, 1 1 6b constituting a side wall 
thereof, and an inner pipe 117a, 117b provided in the 
outer pipe 1 1 6a, 1 1 6b. An inner space of the inner pipe 
117a, 1 1 7b communk:ates with a space (hereinafter re- 
ferred to as "annular space 145") defined between the 

50 outer pipe 116a, 116b and the inner pipe 117a, 117b in 
a lower portion of the copper dissolution tank 110a, 
110b. The copper tubes 146 are accommodated in the 
annular space 145. 

[0368] The buffer container 1 1 1 has a cover 1 20 hav- 
55 ing piping ports for piping, and is virtually sealed. Upper 
and lower portions of the buffer container 111 are con- 
nected in communication with each other by a bypass 
pipe 125 vertk;ally extending along the exterior of the 
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buffer container 111 . A constant volume check sensor 
126 is provided at a predetermined height on a lateral 
side of the bypass pipe 125 for detecting the presence 
or absence of liquid at this predetermined height within 
the bypass pipe 125. 

[0369] The liquid (e.g., the replacement liquid) Is al- 
lowed to freely flow between the buffer container 111 
and the bypass pipe 125, so that a liquid surface level 
in the buffer container 111 is virtually equal to a liquid 
surface level in the bypass pipe 1 25. Thus, the presence 
or absence of the liquid at the predetemiined height in 
the buffer container 1 1 1 can be detected by the constant 
volume check sensor 126. 

[0370] One end of a circulation pipe 1 1 8 is connected 
to the bottom of the buffer container 1 1 1 via a piping port 
for communication between the circulation pipe 1 1 8 and 
the buffer container 111 . The other end of the circulation 
pipe 118 is branched into branch circulation pipes 121, 
122 at a branch point B1. The branch circulation pipe 
121 is further branched Into branch circulation pipes 
121a, 121b, while the branch circulation pipe 122 is fur- 
ther branched Into branch circulation pipes 122a, 122b. 
[0371] The branch circulation pipes 121a and 121b 
are respectively connected to upper portions of the inner 
pipes 117a and 117b of the copper dissolution tanks 
110a and 110b. The branch circulation pipes 122a and 
122b are respectively connected to liquid outlet pipes 
1 49a and 1 49b provided in the copper dissolution tanks 
110a and 110b. Valves AV3-2 and AV4-2 are provided 
in the branch circulation pipes 121a and 121b, respec- 
tively Valves AV3-3 and AV4-3 are provided in the 
branch circulation pipes 122a and 122b, respectively. 
[0372] Branch circulation pipes 119a and 119b are 
connected in communication with the annular spaces 
145 of the copper dissolution tanks 110a and 110b, re- 
spectively. Valves AV3-1 and AV4-1 are provided In the 
branch circulation pipes 119a and 119b, respectively. 
The branch circulation pipes 119a, 119b are connected 
to one end of a circulation pipe 119. The other end of 
the circulation pipe 119 is branched into branch circula- 
tion pipes 119d and 119e at a branch point B2. 
[0373] The valves AV3-1, AV3-2, AV3-3, AV4-1, 
AV4-2, AV4-3 are collectively disposed in a copper dis- 
solution tank channel switching section 153. 
[0374] The branch circulation pipe 1 1 9d extends into 
the buffer container 111 through the piping port fomned 
In the cover 1 20 (through the cover 1 20). A valve AV2-2 
is provided in the branch circulation pipe 11 9d. 
[0375] One end of a channel switching pipe 115 is 
connected to the circulation pipe 118 at a branch point 
83. A valve AVI -4 is provided at the other end of the 
channel switching pipe 115. By opening the valve AV1 -4, 
the liquid can be drained from the other end of the chan- 
nel switching pipe 1 1 5. The plating liquid transport pipes 
PI 2a and PI 2b are connected to the channel switching 
pipe 115 via valves AVI -3 andAV1-2, respectively 
[0376] A valve AV1-1 is provided in the circulation 
pipe 118 between the buffer container 111 and the 



branch point B3. A valve AVI -5, a pump P5 and a flow 
meter 123 are provided in the circulation pipe 118 be- 
tween the branch point B3 and the branch point B1 In 
this order from the branch point B3. An emptiness check 

5 sensor 1 27 is provided on a lateral side of the circulation 
pipe 118 In the vicinity of the buffer container 111 (be- 
tween the buffer container 11 1 and the branch point B3). 
The emptiness check sensor 1 27 is capable of detecting 
the presence or absence of the liquid at the height of the 

10 emptiness check sensor 127 in the circulation pipe 118. 
This makes it possible to detemiine whether or not the 
buffer container 111 is empty. 

[0377] The valves AV1-1, AVI -2, AVI -3, AV1-4, 
AVI -5 are collectively disposed in an Inlet-side main 

15 channel switching section 113. 

[0378] The branch circulation pipe 1 1 9e is connected 
to the plating liquid transport pipe P1 2b at a branch point 
B4. A valve AV2-1 is provided In the branch circulation 
pipe 1 1 9e. The valves AV2-1 , AV2-2 are collectively dis- 

20 posed in an outlet-side main channel switching section 
114. 

[0379] The undiluted replacement liquid supplying 
section 112 includes an undiluted replacement liquid 
tank 128 containing the undiluted replacement liquid, 

25 and a measure cup 1 29 for dispensing a predetermined 
amount of the undiluted replacement liquid. The undi- 
luted replacement liquid may be, for example, concen- 
trated sulfuric acid. The measure cup 129 has a cover 
129a, and is virtually sealed. The measure cup 129 has 

30 a bottom having an inverted cone shape. A liquid outlet 
port is provided in a center portion of the bottom of the 
measure cup 129. The bottom of the measure cup 129 
Is Inclined downward toward the liquid outlet port. An 
undiluted replacement liquid transport pipe 1 30 extends 

35 from an upper portion of the measure cup 129 into a 
bottom portion of the undiluted replacement liquid tank 
128. A valve AV6-3 is provided in the undiluted replace- 
ment liquid transport pipe 130. 
[0380] The undiluted replacement liquid supplying 

40 section 112 is connected to the buffer container 111 by 
an undiluted replacement liquid supply pipe 124. The 
undiluted replacement liquid supply pipe 124 extends to 
the upper portion of the measure cup 129 through the 
cover 129a. One end of an undiluted replacement liquid 

45 transport pipe 1 31 is connected to the center portion of 
the bottom (liquid outlet port) of the measure cup 129. 
The other end of the undiluted replacement liquid trans- 
port pipe 131 is connected to the undiluted replacement 
liquid supply pipe 124 at a branch point B5. A valve 

50 AV6-1 is provided In the undiluted replacement liquid 
supply pipe 124 between the branch point B5 and the 
measure cup 1 29. A valve AV6-2 is provided in the un- 
diluted replacement liquid transport pipe 131. 
[0381] A leak pipe 132 extends through the cover 

55 129a to be connected in communication with the meas- 
ure cup 129. A valve AV6-4 is provided in the leak pipe 
1 32 outside the measure cup 129. By opening the valve 
AV6-4, the intemal pressure of the measure cup is set 
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at the atmospheric pressure. 

[0382] A constant volume check sensor 1 33 is provid- 
ed at a predetemiined height on a lateral side of the 
measure cup 1 29 for detecting the presence or absence 
of liquid at this predetemnined height in the measure cup 
129. An emptiness check sensor 134 is provided on a 
lateral side of the undiluted replacement liquid transport 
pipe 131 in the vicinity of the measure cup 129. The 
emptiness check sensor 1 34 is capable of detecting the 
presence or absence of liquid at the height of the emp- 
tiness check sensor 134 in the undiluted replacement 
liquid transport pipe 131 . This makes it possible to de- 
termine whether or not the measure cup 129 is empty. 
[0383] A deionized water supply pipe 135 extends 
through the cover 120 to be connected in communica- 
tion with the buffer container 111. Thus, deionized water 
can be supplied to the buffer container 1 1 1 from a deion- 
ized water supply source not shown. A valve AV7'1 is 
provided in the deionized water supply pipe 135. 
[0384] An air inlet/outlet pipe 136 is introduced into 
the buffer container 111 through the cover 120. An air 
pump 137 is connected to an end of the air inlet/outlet 
pipe 1 36 opposite from the buffer container 1 1 1 . A three- 
way valve AV8-3 is provided in the air inlet/outlet pipe 
1 36. The three-way valve AV8-3 is adapted to selective- 
ly establish air communication between the buffer con- 
tainer 1 1 1 and the air pump 1 37 and between the buffer 
container 111 and the atmosphere. 
[0385] The air pump 1 37 has an exhaustion pipe 1 38 
and an air supply pipe 139. The air inlet/outlet pipe 136 
is connected in communication with the exhaustion pipe 
138 and the air supply pipe 139. A three-way valve 
AV8-1 is provided in the exhaustion pipe 138, while a 
three-way valve AV8-2 is provided in the air supply pipe 
139. The three-way valves AV8-1 , AV8-2, AV8-3, which 
may be air valves, are collectively disposed in a pres- 
sure increasing/reducing section 164. 
[0386] Air can be supplied into the buffer container 
1 11 by establishing communication between the atmos- 
phere and the air pump 137 by the three-way valve 
AV8-1 and between the air pump 137 and the air inlet/ 
outlet pipe 1 36 by the three-way valve AV8-2, and actu- 
ating the air pump 137. Gas can be exhausted from the 
buffer container 1 1 1 by establishing communication be- 
tween the air inlet/outlet pipe 136 and the air pump 137 
by the three-way valve AV8-1 and between the air pump 
137 and the atmosphere by the three-way valve AV8-2, 
and actuating the air pump 137. 
[0387] The opening and closing of the valve AV7-1 
and the valves in the inlet-side main channel switching 
section 1 1 3, the outlet-side main channel switching sec- 
tion 114, the copper dissolution tank channel switching 
section 153, the undiluted replacement liquid supplying 
section 112 and the pressure increasing/reducing sec- 
tion 164, and the operations of the pump P5 and the air 
pump 137 are controlled by the system controller 1 55 of 
the wafer treating section 1 via the serial/parallel con- 
verter 1 65. Output signals of the constant volume check 



sensors 126, 133, the emptiness check sensors 127, 
134, the flow meter 123 and the weight meters 154a. 
1 54b are inputted to the system controller 1 55 of the wa- 
fer treating section 1 via the serial/parallel converter 
5 165. 

[0388] With reference to Fig. 22. an explanation will 
hereinafter be given to the operation of the major con- 
stituent managing section 2 during the plating process 
performed in the plating section 12. 

10 [0389] Prior to the plating process, the system con- 
troller 155 detemnines whk:h of the copper dissolution 
tanks 110a, 110b is to be used. One of the copper dis- 
solution tanks 110a, 110b which contains the copper 
tubes 1 46 whose total weight is lightest is used. The oth- 

15 er copper dissolution tank is not used, but reserved as 
a spare. 

[0390] The storage device 155M of the system con- 
troller 155 stores data of the net weights of the respec- 
tive copper dissolution tanks 1 1 0a, 1 1 0b and the weights 

20 of the respective copper dissolution tanks 110a. 110b 
measured when the plating liquid Is filled therein. The 
system controller 1 55 calculates the weights of the cop- 
per tubes 1 46 in the copper dissolution tanks 1 1 0a, 1 1 0b 
on the basis of the output signals of the weight meters 

25 154a, 154b. 

[0391 ] It is herein assumed that the weight of the cop- 
per tube 146 in the copper dissolution tank 110a is 
judged to be the lightest and sufficient to supply copper 
ions to the plating liquid for a predetemnined period. In 

30 this case, a flow channel is established for circulating 
the plating liquid through the plating section 12 and the 
copper dissolution tank 110a under the control of the 
system controller 155. More specifically, the valves 
AVI -3. AVI -5. AV3-2. AV3-1 . AV2-1 are opened, and the 

35 Other valves are closed. 

[0392] In this state, the pump P5 is actuated under the 
control of the system controller 155. Thus, the plating 
liquid is supplied into the copper dissolution tank 110a 
from the plating section 12, flows over the interior and 

40 exterior surfaces of the copper tubes 1 46 in the copper 
dissolution tank 1 10a. and retumed into the plating sec- 
tion 12. In the copper dissolution tank 110a, the copper 
tubes 146 are deprived of electrons by trivalent iron ions 
in the plating liquid, whereby the trivalent iron ions are 

45 reduced to divalent iron ions. Copper ions are leached 
into the plating liquid from the copper tubes 146 de- 
prived of the electrons. 

[0393] Thus, the copper ions are supplied from the 
copper tubes 146, white being consumed on the lower 

50 surface of the wafer W during the plating process. On 
the other hand, the trivalent iron ions are reduced to the 
divalent iron ions in the vicinity of the copper tubes 1 46, 
while the divalent iron ions are oxidized into the trivalent 
iron ions in the vicinity of the anode 76. 

55 [0394] Where the concentrations of the copper ions, 
the divalent iron ions and the trivalent iron ions in the 
plating liquid are not within the predetemiined concen- 
tration ranges, the plating process cannot properiy be 
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performed with a poorer capabiltty of filling the holes or 
grooves formed in the surface of the wafer W with cop- 
per. Therefore, the concentrations of the copper ions 
and the divalent and trivalent iron ions in the plating liq- 
uid should be kept at the predetennined concentration s 
levels (within the predetermined concentration ranges). 
That is, the amount of the copper ions consumed on the 
lower surface of the wafer W should substantially be 
equalized with the amount of the copper ions leaching 
out of the copper tubs 1 46, and the amount of the diva- io 
lent Iron ions occumng in the vicinity of the anode 76 
should substantiallybe equalizedwith the amount of the 
trivalent iron ions occumng in the vicinity of the copper 
tubes 146. 

[0395] The copper ion consumption rate at which the is 
copper ions are consumed in the plating liquid by the 
plating Is determined by the operation statuses of the 
respective plating units 20a to 20d. The copper ion 
leaching rate at which the copper ions leach into the plat- 
ing liquid from the copper tubes 146 in the copper dis- 20 
solution tank 110a is determined by the surface area of 
the copper tubes 1 46 in contact with the plating liquid, 
the flow rate of the plating liquid flowing in the vicinity of 
the copper tubes 1 46 and the concentration of the triva- 
lent iron ions in the plating liquid. 25 
[0396] The inner and outer peripheral surface areas 
of the copper tube 146 account for a major percentage 
of the total surface area of the cupper tube 146. As the 
dissolution of the copper tube 146 proceeds, the thick- 
ness and length of the copper tube 146 are reduced, so 
However, the reduction rate of the length is negligible. 
Therefore, the outer and inner peripheral surface areas 
of the copper tube 146 (the total surface area of the cop- 
per tube 1 46) are considered to be virtually constant be- 
fore complete dissolution of the copper tube 1 46, even 35 
if the dissolution of the copper tube 146 proceeds. 
Whether or not the copper tube 146 is very close to the 
complete dissolution is determined on the basis of the 
output signal of the weight meter 1 54a. The flow rate of 
the plating liquid flowing into the copper dissolution tank 40 
1 1 0a may be employed as the flow rate of the plating 
liquid flowing in the vicinity of the copper tube 146. 
[0397] Therefore, the system controller 155 deter- 
mines the pumping rate of the pump P5 on the basis of 
the operation statuses of the plating units 20a to 20d 45 
and the output signal of the absorptiometer 66B indica- 
tive of the concentration of the iron ions. The pumping 
rate of the pump P5 is regulated at a predetemiined level 
on the basis of the feedback of the output signal of the 
flow meter 1 23 to the system controller 1 55. Under such so 
control, the amount of the copper ions supplied to the 
plating liquid is balanced with the amount of the copper 
ions consumed in the plating liquid to keep the copper 
ion concentration virtually constant in the plating liquid. 
[0398] If the dissolution of the copper tubes 1 46 in the ss 
copper dissolution tank 110a extremely proceeds, the 
total surface area of the copper tubes 146 is rapidly re- 
duced, making it difficult to supply the copper ions to the 



plating liquid at a constant rate. To avoid such an event, 
the supply of the plating liquid to the copper dissolution 
tank 110a is stopped when the weight of the copper 
tubes 1 46 in the copper dissolution tank 11 Oa Is reduced 
below a predetennined level (e.g., 20% to 30% of the 
initial weight). Then, the supply of the plating liquid to 
the copper dissolution tank 110b is started. 
[0399] More specifically, when the system controller 
1 55 judges on the basis of the signal of the weight meter 
1 54a that the weight of the copper tubes 1 46 in the cop- 
per dissolution tank 110a is reduced below the prede- 
tenntned level, the valves AV4-1 and AV4-2 are opened 
and the valves AV3-1 and AV3-2 are closed under the 
control of the system controller 155. Thus, the plating 
liquid is circulated through the plating section 1 2 and the 
copper dissolution tank 110b. Where the copper tubes 
146 contained in the copper dissolution tank 110b has 
a sufficient weight, the copper Ions can stably be sup- 
plied into the plating liquid. 

[0400] Since the two copper dissolution tanks 110a, 
110b are provided in the major constituent managing 
section 2, the copper ions can constantly be supplied to 
the plating liquid without excess and deficiency. Thus, 
the surface of the wafer W can property be copper-plat- 
ed with the fine holes or grooves thereof properly filled 
with copper. 

[0401] Next, an explanation will be given to the oper- 
ation of the major constituent managing section 2 after 
the completion of the plating process in the plating sec- 
tion 12. If the plating liquid is circulated through the plat- 
ing liquid container 55 and the copper dissolution tank 
1 1 0a or 1 1 0b when the plating process is not performed 
in any of the plating units 20a to 20d, the concentration 
of the copper ions in the plating liquid is increased be- 
yond the proper concentration range. This is because 
the copper ions are continuously supplied to the plating 
liquidfrom the copper tubes 146, though the copper ions 
are not consumed. 

[0402] If the circulation of the plating liquid is stopped, 
the surface of the copper tubes 1 46 in the copper dis- 
solution tank 110a, 110b is irreversibly deteriorated. 
Therefore, the surface of the wafer W cannot properly 

be copper-plated with a poorer capability of filling the 
fine holes or grooves thereof with copper, when the plat- 
ing process is perfomried again in any of the plating units 
20a to 20d by resuming the circulation of the plating liq- 
uid. 

[0403] To cope with this, the plating liquid in the cop- 
per dissolution tank 110a, 110b is replaced with the re- 
placement liquid for prevention of the Increase in the 
concentration of the copper ions in the plating liquid and 
the deterioration of the surface of the copper tubes 146 
upon the completion of the plating process in the plating 
section 12. It is herein assumed that the plating liquid in 
the copper dissolution tank 1 1 0a is replaced with the re- 
placement liquid. 

[0404] The deterioration of the surface of the copper 
tubes 1 46 may occur within several hours. On the other 
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hand, the plating process is often resumed immediately 
after the completion of the plating process in the plating 
section 12 due to a change in a production plan. In this 
case, if the plating liquid in the copper dissolution tank 
1 1 0a is already replaced with the replacement liquid, the 
replacement liquid In the copper dissolution tank 110a 
should be replaced again with the plating liquid. The 
time required for the replacement of the plating liquid in 
the copper dissolution tank 110a is about 5 minutes to 
about 10 minutes, so that the productivity is reduced. 
Therefore, the plating liquid in the copper dissolution 
tank 110a is replaced with the replacement liquid after 
a lapse of a 2- to 3-hour standby period from the com- 
pletion of the plating process In the plating section 12. 
[0405] If the plating process is less likely to be re- 
sumed immediately after the completion of the plating 
process in the plating section 12, the plating liquid in the 
copper dissolution tank 110a may be replaced with the 
replacement liquid immediately after the completion of 
the plating process. 

[0408] First, the pump P5 is stopped and all the valves 
in the major constituent managing section 2 are closed 
under the control of the system controller 155. In turn, 
the system controller 155 controls the pressure increas- 
ing/reducing section 1 64 to supply air into the buffer con- 
tainer 111 . Thus, the Internal pressure of the buffer con- 
tainer 111 is increased. Then, the valves AV2-2, AV3-1 , 
AV3-2, AVI -5, AV1-2 are opened under the control of 
the system controller 155. Thus, air pressurized in the 
buffer container 1 11 is introduced into the annular space 
145, so that the plating liquid is forced out of the copper 
dissolution tank 110a into the plating liquid container 55 
in the plating section 12. 

[0407] The system controller 155 calculates the 
weight of the plating liquid in the copper dissolution tank 
1 1 0a on the basis of the output signal of the weight meter 
154a, and maintains the aforesaid conditions until it is 
judged that almost all the plating liquid is expelled from 
the copper dissolution tank 1 1 0a. When the system con- 
troller 1 55 judges that almost all the plating liquid is ex- 
pelled from the copper dissolution tank 11 Oa, the valve 
AV3-3 is opened for a predetermined period under the 
control of the system controller 155. Thus, the plating 
liquid remaining in the bottom portion of the copper dis- 
solution tank 110a is virtually completely discharged 
through the liquid outlet pipe 149a. 
[0408] Subsequently, the valve AV7-1 is opened un- 
der the control of the system controller 155 to introduce 
deionized water into the buffer container 111. When it is 
judged on the basis of the output signal of the constant 
volume check sensor 126 that the surface of deionized 
water rises to reach the predetennined level in the buffer 
container 1 11 , the valve AV7-1 is closed under the con- 
trol of the system controller 155. Thus, a predetennined 
amount of deionized water is contained in the buffer con- 
tainer 111. 

[0409] In turn, the valves in the major constituent 
managing section 2 except the three-way valves AV8-1 , 



AV8-2, AV8-3 are closed, and air is exhausted from the 
buffer container 111 by the pressure increasing/reduc- 
ing section 1 64 under the control of the system controller 
155. Thus, the internal pressure of the buffer container 

5 111 is reduced. Then, the vah/es AV6-1, AV6-3 are 
opened under the control of the system controller 155. 
Thus, the internal pressure of the measure cup 129 is 
also reduced, so that the undiluted replacement liquid 
is sucked into the measure cup 129 from the undiluted 

10 replacement liquid tank 128 through the undiluted re- 
placement liquid transport pipe 1 30. 
[0410] During this period, the system controller 155 
monitors the output signal of the constant volume check 
sensor 133, and judges whether the surface of the un- 

15 diluted replacement liquid in the measure cup 129 
reaches the predetermined level. If it is judged that the 
surface of the undiluted replacement liquid reaches the 
predetermined level, the valves AV6-3, AV6-1 are 
closed under the control of the system controller 155. 

20 Thus, a predetermined volume of the undiluted replace- 
ment liquid is dispensed in the measure cup 129. 
[0411] Then, the valves AV6-2, AV6-4 are opened un- 
der the control of the system controller 155. Thus, the 
internal pressure of the measure cup 129 is set at the 

25 atmospheric pressure, so that the undiluted replace- 
ment liquid is transported from the measure cup 1 29 into 
the buffer container 111 having a lower internal pressure 
through the undiluted replacement liquid transport pipe 
131 and the undiluted replacement liquid supply pipe 

30 124 and mixed with the deionized water in the buffer 
container 111 . 

[0412] Since the bottom of the measure cup 129 is 
inclined downwardtowardtheundilutedreplacementliq- 
uidtransport pipe 131 (liquid outlet port), the undiluted 

35 replacement liquid is virtually completely discharged 
from the measure cup 1 29. When it is judged on the ba- 
sis of the output signal of the emptiness check sensor 
134 that the measure cup 129 is empty, the valves 
AV6-2, AV6-4 are closed under the control of the system 

40 controller 155. 

[0413] Thus, the replacement liquid which has a pre- 
detennined composition and a predetemiined concen- 
tration (e.g., 10% sulfuric acid aqueous solution) is pre- 
pared in the buffer container 111 . 

45 [0414] In turn, the system controller 155 controls the 
three-way valve AV8-3 to establish communication be- 
tween the buffer container 111 and the atmosphere. 
Thus, the internal pressure of the buffer container 111 
is set at the atmospheric pressure. Thereafter, the 

50 valves AVI -1 , AVI -5, AV3-2, AV3-1 . AV2-2 are opened, 
and the pump P5 is actuated under the control of the 
system controller 155. At this time, the pump P5 is op- 
erated only for a predetennined period, or ope rated until 
it is judged on the basis of the output signal of the weight 

55 meter 1 54a that the copper dissolution tank 1 1 0a is filled 
with the replacement liquid. 

[041 5] Thereafter, the pump P5 is stopped, and all the 
valves in the major constituent managing section 2 are 
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closed under the control of the system controller 156. 
Then, the valves AV1-1, AV1-4 are opened under the 
control of the system controller 155, whereby the re- 
placement liquid remaining in the buffer container 1 1 1 is 
drained. Thus, the replacement of the plating liquid in 5 
the copper dissolution tank 110a with the replacement 
liquid Is completed. 

[0416] Thus, the increase in the copper ion concen- 
tration of the plating liquid can be prevented. Further, 
the deterioration of the surface of the copper tubes 1 46 io 
can be prevented. Therefore, when the plating process 
Is performed again in any of the plating units 20a to 20d 
by circulating the plating liquid through the plating sec- 
tion 12and the copper dissolution tank 110a (110b), the 
surface of the wafer W can properly be copper-plated is 
with the fine holes and grooves thereof properly filled 
with copper. Even if a small amount of the replacement 
liquid of the sulfuric acid aqueous solution is mixed in 
the plating liquid, the replacement liquid does not ad- 
versely affect the plating liquid because sulfuric acid is 
a supporting electrolyte of the plating liquid. 
[0417] In the replacement of the plating liquid with the 
replacement liquid, deionlzed water may be introduced 
into and discharged from the copper dissolution tank 
110a before the introduction of the replacement liquid 25 
after the plating liquid is discharged from the copper dis- 
solution tank 110a. Thus, the copper dissolution tank 
1 1 0a is cleaned with deionlzed water, so that the amount 
of the plating liquid mixed with the replacement liquid 
can be reduced. The introduction of the deionlzed water 30 
into the copper dissolution tank 110a can be achieved 
in substantially the same manner as the introduction of 
the replacement liquid into the copper dissolution tank 
1 1 0a, except that only deionlzed water is introduced into 
the buffer container 1 1 1 from the delonlzedwater supply 35 
source (but the undiluted replacement liquid is not Intro- 
duced after the introduction of the deionlzed water). 
[0418] Where the replacement liquid filled in the cop- 
per dissolution tank 110a, 110b is replaced again with 
the plating liquid, the following operation is perfomied. 40 
First, the replacement liquid is expelled from the copper 
dissolution tank 110a, 110b in substantially the same 
manner as when the plating liquid is expelled from the 
copper dissolution tank 110a, 110b for the replacement 
of the plating liquid with the replacement liquid. In this ^5 
operation, however, the expelled replacement liquid is 
drained by closing the valve AVI -2 and opening the 
valve AVI -4 under the control of the system controller 
156. 

[0419] Thereafter, all the valves in the major constlt- so 
uent managing section 2 are closed, and then the valves 
AV1-2, AVI -5, AV3-2, AV3-1 , AV2-1 , for example, are 
opened under the control of the system controller 155. 
Thus, the plating liquid is introduced into the copper dis- 
solution tank 110a. ss 
[0420] Fig. 23 is a schematic perspective view Illus- 
trating the construction of the post-treatment agent sup- 
plying section 4. 



[0421] The post-treatment agent supplying section 4 
includes a post-treatment agent tank 290 which con- 
tains the post -treatment agent (e.g., the etching liquid 
and the cleaning liquid) to be used in the bevel etching 
units 21a, 21b and the cleaning units 22a, 22b, and a 
tank enclosure 291 which houses the post-treatment 
agent tank 290. A liquid surface sensor not shown is at- 
tached to the post-treatment agent tank 290, and an out- 
put of the liquid surface sensor is inputted to the system 
controller 155. Thus, the system controller 155 can 
sense whether or not the surface level of the post-treat- 
ment agent in the post-treatment agent tank 290 Is re- 
duced below a predetermined level. 
[0422] In this embodiment, only the single post-treat- 
ment agent tank 290 is shown, assuming that the same 
agent is employed as the etching liquid for use in the 
bevel etching units 21a, 21b and as the cleaning liquid 
for use in the cleaning units 22a, 22b. Where a plurality 
of post-treatment agents are used, a plurality of post- 
treatment agent tanks 290 may be employed. 
[0423] The tank enclosure 291 has a top cover 293 
and a front door 294. By opening the cover 293 or the 
door 294, the post-treatment agent tank 290 can be tak- 
en in and out of the tank enclosure 291 . With the cover 
293 and the door 294 being closed, the tank enclosure 
291 is virtually sealed. 

[0424] A vat 292 is provided on the bottom of the tank 
enclosure 291 , and the post-treatment agent tank 290 
is placed in the vat 292. The volume of the vat 292 is 
greaterthan the volume of the post-treatment agent tank 
290 (where the plurality of post-treatment agent tanks 
290 are provided, the total volume of the post-treatment 
agent tanks 290). Even if the post-treatment agent is 
entirely leaked out of the post-treatment agent tank 290, 
the leaked post-treatment agent can be received in the 
vat 292. 

[0425] A leakage detection sensor not shown is pro- 
vided in the bottom of the vat 292 for detecting the leak- 
age of the post-treatment agent. An output of the leak- 
age detection sensor is inputted to the system controller 
155, so that the system controller 155 can detect the 
leakage of the post-treatment agent In the vat 292. 
[0426] An air outlet port 295 and a post-treatment 
agent pipe introduction port 296 are provided in a rear 
face of the tank enclosure 291 . An air outlet pipe 297 is 
connected to the air outlet port 295 for exhausting air 
from the tank enclosure 291 . By exhausting air through 
the air outlet pipe 297 with the tank enclosure 291 being 
virtually sealed, the Internal pressure of the tank enclo- 
sure 291 can be kept at a negative level. 
[0427] The air outlet pipe 297 is connected to the ex- 
hauster system not shown. An air exhaustion pressure 
sensor not shown is provided in the air outlet pipe 297. 
An output of the air exhaustion pressure sensor is input- 
ted to the system controller 155, so that the system con- 
troller 155 can detect an abnormal air exhaustion pres- 
sure. 

[0428] A short protection pipe 298 is inserted through 
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the post-treatment agent pipe introduction port 296, and 
the post-treatment agent pipe PI 4 is inserted through 
the protection pipe 298. That is, the two pipes are insert- 
ed through the post-treatment agent pipe introduction 
port 296. 

[0429] The post-treatment agent pipe P14 extends 
from an inside bottom portion of the post-treatment 
agent tank 290 to each of the bevel etching units 21a, 
21 b and the cleaning units 22a, 22b. The valve 93V (see 
Fig. 1 9) and the valve 1 08V (see Fig. 20) provided in the 
post-treatment agent pipe PI 4 are disposed in the post- 
treatment agent supplying section 4 (though not shown 
in Fig. 23). By actuating a pump not shown with the valve 
93V or 108V being open, the post-treatment agent (the 
etching liquid or the cleaning liquid) can be supplied into 
the bevel etching units 21a, 21b or the cleaning units 
22a, 22b from the post-treatment agent tank 290. 
[0430] Fig. 24 is a block diagram illustrating the con- 
struction of control systems for the major constituent 
managing section 2, the minor constituent managing 
section 3 and the post-treatment agent supplying sec- 
tion 4. 

[0431] The major constituent managing section 2 in- 
cludes the serial/parallel converter 1 65 and an operation 
panel 166. The system controller 155 provided in the 
wafer treating section 1 is connected to the serial/par- 
allel converter 1 65 via the RS^BS compatible serial port 
by a cable, and connected to the operation panel 1 66 
via the RS-232C compatible serial port by a cable. 
[0432] Electromagnetic valves 1 67 and sensors 1 68 
(e.g., the constant volume check sensors 126, 133, the 
emptiness check sensors 127, 134 and the weight me- 
ters 154a, 154b (see Fig. 22)) are connected in parallel 
to the serial/parallel converter 1 65. The electromagnetic 
valves 167 are capable of controlling air valves (e.g., 
the valve AV1 -1 and the like (see Fig. 22)). The operator 
can input and output information on the major constitu- 
ent managing section 2 by means of the operation panel 
166. 

[0433] The minor constituent managing section 3 in- 
cludes a minor constituent management controller 169, 
so that a control operation can be perfonrted independ- 
ently of the system controller 155 provided in the wafer 
treating section 1 . The minor constituent management 
controller 1 69 is connected to the system controller 1 55 
via the RS-232C compatible serial port by a cable. 
[0434] A display 170, a keyboard 171, an audible 
alami generator 400. a potentiostat (power source) 1 72, 
syringe pumps 173 and a serial/parallel converter 174 
are connected to the minor constituent management 
controller 169. The display 170 and the keyboard 171 
permit the operator to Interact with the minor constituent 
management controller 1 69 for inputting and outputting 
infomriation. 

[0435] The syringe pumps 1 73 are capable of adding 
an tndbator and the like dropwise to a sampled plating 
liquid when the concentrations of the minor constituents 
of the plating liquid are measured. Further, the syringe 



pumps 173 are capable of quantitatively dispensing re- 
plenishment liquids respectively containing the minor 
constituents in required amounts. 
[0436] Electromagnetic valves 175 and sensors 176 

s (e.g. , surface level sensors) are connected to the serial/ 
parallel converter 174 by parallel cables. The magnetic 
valves 1 75 are capable of controlling air valves. The se- 
rial/parallel converter 174 converts serial signals from 
the minor constituent management controller 1 69 into 

10 parallel signals, which are in turn outputted to the elec- 
tromagnetic valves 175 and the like. Further, the serial/ 
parallel converter 1 74 converts parallel signals from the 
sensors 1 76 into serial signals, which are in turn output- 
ted to the minor constituent management controller 1 69. 

15 [0437] The post-treatment agent supplying section 4 
includes a serial/parallel converter 177. The system 
controller 155 provided in the wafer treating section 1 is 
connected to the serial/parallel converter 1 77 via the 
RS-485compatibleserialportbyacable. Electromagnetic 

20 valves 1 78 and sensors 1 79 are connected to the serial/ 
parallel converter 177 by parallel cables. The electro- 
magnetic valves 178 are capable of controlling air 
valves (e.g., the valve 93V (see Fig. 19) and the valve 
108V (see Fig. 20)). The sensors 179 include the liquid 

25 surface sensor, the air exhaustion pressure sensor and 
the leakage detection sensor. 

[0438] Fig. 25 is a schematic diagram illustrating the 
construction of the minor constituent managing section 
3 and the connection between the minor constituent 

30 managing section and plating sections. 

[0439] As shown in Fig. 25, the minor constituent 
managing section 3 can be connected to plating sec- 
tions 12, 12S provided in different wafer treating sec- 
tions. The minor constituent managing section 3 is ca- 

35 pable of quantitatively analyzing minor constituents in 
plating liquids being respectively used in the plating sec- 
tions 12, 1 2S, and adjusting the compositions of the re- 
spective plating liquids so that the concentrations of the 
minor constituents in the respective plating liquids are 

40 kept within predetermined concentration levels. Of 
course, the minor constituent managing section 3 may 
be connected to the single plating section 12 (12S). 
[0440] The minor constituent managing section 3 in- 
cludes an analyzing section 320 for quantitatively ana- 

45 lyzing the plating accelerating additive (hereinafter re- 
ferred to simply as "accelerator"), the plating retarding 
additive (hereinafter referred to simply as "retarder") 
and chlorine as the minor constituents of the plating liq- 
uids, a replenishment section 321 for supplying the ac- 

50 ceterator, the retarder and chlorine to the respective 
plating liquids in the plating sections 12, 12S on the ba- 
sis of the results of the analysis performed by the ana- 
lyzing section 320 so that the concentrations of the ac- 
celerator, the retarder and chlorine in the respective 

55 plating liquids can be kept at the predetennined concen- 
tration levels, and the minor constituent management 
controller 1 69 for controlling the operations of the ana- 
lyzing section 320 and the replenishment section 321 . 
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[0441] The plating section 12S connected to the minor 
constituent managing section 3 has the same construc- 
tion as the plating section 12. The plating section 12S 
includes a plating liquid container 55S which contains a 
great amount of the plating liquid, a plating cup 56S for 5 
perfomi^lng the plating process on a wafer W, a liquid 
supply pipe 57S for supplying the plating liquid into the 
plating cup 56S from the plating liquid container 55S, 
and a return pipe 64S for returning the plating liquid from 
the plating cup 56S to the plating liquid container 55S. io 
[0442] Sampling pipes 322 and 323 are respectively 
connected between the plating liquid container 55 and 
the analyzing section 320 and between the plating liquid 
container 55S and the analyzing section 320. The sam- 
pling pipes 322 and 323 respectively extend into the vi- is 
cinity of the bottoms of the plating liquid containers 55 
and 55S, so that ends of the sampling pipes 322, 323 
are submerged in the plating liquids in the respective 
plating liquid containers 55, 55S. Either of the sampling 
pipes 322, 323 is selected by the minor constituent man- 20 
agement controller 1 69 to sample the plating liquid con- 
tained in the corresponding one of the plating liquid con- 
tainers 55, 55S. 

[0443] Replenishment pipes 324 and 325 are respec- 
tively connected between the plating liquid container 55 25 
and the replenishment section 321 and between the 
plating liquid container 55S and the replenishment sec- 
tion 321 . The replenishment pipes 324 and 325 respec- 
tively extend into the vicinity of the bottoms of the plating 
liquid containers 55 and 55S, so that ends of the replen- 30 
ishment pipes 324, 325 are submerged in the plating 
liquids in the respective plating liquid containers 55, 
55S. 

[0444] The concentrations of the minor constituents 
in the plating liquids change to be reduced below the 35 

predetemiined concentration levels (or the predeter- 
mined concentration ranges) during the use of the plat- 
ing liquids in the plating sections 12, 12S. Either of the 
replenishment pipes 324, 325 is selected by the minor 
constituent management controller 1 69 to supply the ac- 40 
celerator, the retarder and chlorine to the plating liquid 
contained in the corresponding one of the plating liquid 
containers 55, 55S. Thus, the concentrations of the mi- 
nor constituents in the plating liquid can be adjusted at 
the predetermined concentration levels. 45 
[0445] Thus, the single minor constituent managing 
section 3 can be shared by the two plating sections 12. 
12s. 

[0446] Fig. 26 is a block diagram illustrating the con- 
struction of the minor constituent managing section 3 in so 
detail. 

[0447] In addition to the analyzing section 320, the re- 
plenishment section 321 and the minor constituent man- 
agement controller 1 69, the minor constituent managing 
section 3 includes a utility section 301 for managing S5 
delonized water and compressed air to be used in the 
minor constituent managing section 3 and exhaustion 
of air from the minor constituent managing section 3, a 



reagent supplying section 313 for supplying analytic re- 
agents to the analyzing section 320 and supplying re- 
plenishment liquids containing the minor constituents of 
the plating liquid to the replenishment section 321 , and 
a pressure Increasing/reducing section 302 for trans- 
porting liquids between the analyzing section 320, the 
replenishment section 321 , the reagent supplying sec- 
tion 313 and the plating liquid containers 55, 55a by in- 
creasing and reducing the internal pressures of these 
sections. 

[0448] The analyzing section 320 includes a sampling 
section 31 9 for sampling the plating liquid from the plat- 
ing liquid container 55, 55S, and an analyzing cup 336 
for containing the plating liquid for a titrimetric analysis 
and a CVS analysis or a CPVS analysis. The plating liq- 
uid sampled from the plating liquid container 55, 55S is 
taken into the sampling section 319, and then a prede- 
temiined volume of the sampled plating liquid is dis- 
pensed in the analyzing cup 336. 
[0449] The plating liquid is introduced into the replen- 
ishment section 321 from the plating liquid container 55, 
55S. In the replenishment section 321 , the replenish- 
ment liquids are supplied into the plating liquid from the 
reagent supplying section 313, and the resulting plating 
liquid is fed bacl< into the plating liquid container 55, 558. 
Thus, the concentrations of the minor constituents of the 
plating liquid in the plating liquid container 55, 558 can 
be kept at the proper concentration levels. 
[0450] Delonized water is supplied to the sampling 
section 319, the analyzing cup 336 and the replenish- 
ment section 321 through the utility section 301. Air 
around the analyzing cup 336 can be exhausted from 
the minor constituent managing section 3 under the con- 
trol of the utility section 301 . 

[0451] The pressure increasing/reducing section 302 
is capable of supplying air into each sealed vessel for 
increasing the internal pressure of the sealed vessel and 
exhausting air from the sealed vessel for reducing the 
internal pressure of the sealed vessel. By the air ex- 
hausting or supplying operation of the pressure increas- 
ing/reducing section 302, any of the liquids contained in 
the sealed vessel can be discharged from the container. 
Waste plating liquid and reagents (replenishment liq- 
uids) occurring in the sampling section 31 9, the analyz- 
ing cup 336, the replenishment section 321 and the re- 
agent supplying section 313 are sucked out by the pres- 
sure increasing/reducing section 302 and then discard- 
ed. 

[0452] The minor constituent management controller 
169 is connected to the sampling section 319, the ana- 
lyzing cup 336, the reagent supplying section 313, the 
replenishment section 321, the utility section 301 and 
the pressure increasing/reducing section 302 by signal 
lines. Thus, the minor constituent management control- 
ler 1 69 can control the respective sections and acquire 
information from the respective sections. 
[0453] Fig. 27 Is a schematic diagram illustrating the 
construction of the sampling section 31 9. The sampling 
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section 31 9 includes a sampling vessel 305 for contain- 
ing the plating liquid supplied through the sampling pipe 
322, 323, and a reference plating liquid vessel 303 for 
containing a reference plating liquid to be used for cal- 
ibration in the analyzing process. The reference plating 
liquid has a known accelerator concentration, a known 
retarder concentration, and a known chlorine concen- 
tration. 

[0454] The sampling vessel 305 is composed of a res- 
in, and has a volume of about 500 ml. At least one liquid 
surface sensor (two liquid surface sensors 307A, 307B 
in this embodiment) is attached to a lateral side of the 
sampling vessel 305. The liquid surface sensors 307A, 
307B are capable of detecting the presence or absence 
of the plating liquid at the heights of the liquid surface 
sensors 307A, 307B in the sampling vessel 305. The 
liquid surface sensor 307A is located at a higher position 
than the liquid surface sensor 3078. Outputs of the liquid 
surface sensors 307A, 307B are inputted to the minor 
constituent management controller 169. 
[0455] The sampling vessel 305 has an upper cover 
305a, so that the sampling vessel 305 can virtually be 
sealed. An air inlet/outlet pipe 329 is connected between 
the sampling vessel 305 and the pressure increasing/ 
reducing section 302. The air inlet/outlet pipe 329 ex- 
tends Into the sampling vessel 305 through a pipe intro- 
duction port provided in the upper cover 305a (through 
the upper cover 305a) to open into an upper portion of 
the sampling vessel 305 (in the vicinity of the upper cov- 
er 305a). With the sampling vessel 305 being virtually 
sealed, the internal pressure of the sampling vessel 305 
can be increased or reduced by the pressure increasing/ 
reducing section 302. 

[0456] A valve 329V is provided in the air Inlet/outlet 
pipe 329. One end of a leak pipe 328 is connected to 
the air inlet/outlet pipe 329 between the valve 329V and 
the pressure increasing/reducing section 302. The other 
end of the leak pipe 328 is open to the atmosphere. A 
valve 328V is provided in the leak pipe 328. By simulta- 
neously opening the valves 329V, 328V, the internal 
pressure of the sampling vessel 305 can be set at the 
atmospheric pressure. 

[0457] The sampling vessel 305 has a hemispherical 
bottom portion, and a drain port is provided in the lowest 
portion (at the center of the bottom) of the sampling ves- 
sel 305. One end of a drain pipe 334 is connected to the 
drain port. That is, the bottom of the sampling vessel 
305 is inclined downward toward the drain port (toward 
the junction with the drain pipe 334). 
[0458] The other end of the drain pipe 334 is connect- 
ed to the pressure increasing/reducing section 302. A 
valve 334 V is provided in the drain pipe 334. With the 
valve 334V being open, the liquid in the sampling vessel 
305 Is sucked into the pressure increasing/reducing 
section 302 by the pressure increasing/reducing section 
302. Since the bottom of the sampling vessel 305 is in- 
clined downward toward the drain port, the liquid can 
generally completely be drained from the sampling ves- 



sel 305. 

[0459] The sampling pipes 322, 323 extend into the 
sampling vessel 305 through the cover 305a to open into 
the vfcinity of the upper cover 305a in the sampling ves- 

5 sel 305. Valves 322V and 323V are provided In the sam- 
pling pipes 322 and 323. respectively. By opening and 
closing the valves 322V, 323V, flow channels of the sam- 
pling pipes 322, 323 can be opened and closed. 
[0460] A reference plating liquid transport pipe 304 

10 extends from an inner bottom portion of the reference 
plating liquid container 303 to an inner upper portion of 
the sampling vessel 305. The reference plating liquid 
transport pipe 304 extends into the sampling vessel 305 
through the upper cover 305a to open into the vicinity of 

15 the upper cover 305a in the sampling vessel 305. A 
valve 304V is provided in the reference plating liquid 
transport pipe 304. 

[0461 ] With the aforesaid arrangement, the plating liq- 
uid In the plating liquid container 55, the plating liquid in 

20 the plating liquid container 55S or the reference plating 
liquid in the reference plating liquid container 303 can 
be transported Into the sampling vessel 305 by reducing 
the internal pressure of the sampling vessel 305 by the 
pressureincreasing/ 

25 reducingsection302withthesampling vessel 305 being 
virtually sealed, and opening the valve 322V, 323V or 
304V. 

[0462] Plating liquid transport pipes 330A, 330B are 
connectedbetween the sampling vessel 305 and the an- 
sa atyzing cup 336. The plating liquid transport pipes 330A, 
330B extend into the sampling vessel 305 through the 
upper cover 305a to open into the vicinity of the bottom 
of the sample vessel 305. A large volume syringe pump 
340A is provided in the plating liquid transport pipe 
35 330A, while a small volume syringe pump 340B is pro- 
vided in the plating liquid transport pipe 330B. 
[0463] The plating liquid orthe reference plating liquid 
transported into the sampling vessel 305 can quantita- 
tively be dispensed into the analyzing cup 305 through 
40 the plating liquid transport pipes 330A, 330B by means 
of the large volume syringe pump 340A and the small 
volume syringe pump 340B. The large volume syringe 
pump 340A and the small volume syringe pump 340B 
can dispense the plating liquid or the reference plating 
45 liquid, for example, in volumes of 50 ml and 500^1, re- 
spectively, by each suction/discharge operation thereof. 
The large volume syringe pump 340A and the small vol- 
ume syringe pump 340B can selectively be employed 
depending on the volume of the plaiting liquid or the ref- 
50 erence plating liquid to be used in the analyzing cup 336. 
[0464] A deionized water pipe 327 extends into the 
sampling vessel 305 through the upper cover 305a to 
be connected in communication with the sampling ves- 
sel 305. The deionized water pipe 327 opens into the 
55 vicinity of the upper cover 305a in the sampling vessel 
305. A valve 327V Is provided In the deionized water 
pipe 327. By opening the valve 327V, deionized water 
can be supplied into the sampling vessel 305 from the 
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deionlzed water supply source. 
[0465] The open ends of the air inlet/outlet pipe 329, 
the sampling pipes 322, 323, the reference plating liquid 
transport pipe 304 and the deionlzed water pipe 327 are 
each located at a higher position than the liquid surface s 
sensor 307A in the sampling vessel 305. The open ends 
of the plating liquid transport pipes 330A, 330B are each 
located at a lower position than the liquid surface sensor 
307B in the sampling vessel 305. 

[0466] The opening and closing of the valves 322V, io 
323V, 328V, 329V, 334V, 304V, 327V and the operations 
of the large volume syringe pump 340A and the small 
volume syringe pump 340B are controlled by the minor 
constituent management controller 169. The valves 
322V, 323V. 328V, 329V, 334V, 304V, 327V may be air is 
valves. 

[0467] Fig. 28 is a schematic diagram illustrating the 
construction of the analyzing cup 336. 
[0468] The analyzing cup 336 has an open top. Noz- 
zles 330AN and 330BN provided in an upper portion of 20 
the analyzing cup 336 are respectively connected to the 
plating liquid transport pipes 330A and 330B. The plat- 
ing liquid orthe reference plating liquid transported from 
the sampling vessel 305 can be supplied into the ana- 
lyzing cup 336 through the nozzle 330AN or 330BN. 25 
[0469] That is, the plating liquid to be analyzed is once 
sampled from the plating liquid container 55 or 55S into 
the sampling vessel 305, and transported from the sam- 
pling vessel 305 to the analyzing cup 336. The sampling 
vessel 305 and the analyzing cup 336 are disposed ad- 30 
jacent each other in a common enclosure of the minor 
constituent managing section 3. 
[0470] In the prior art, the plating liquid is sampled di- 
rectly into the analyzing cup through a sampling tube 
connected between the plating liquid container in the ss 
wafer treating section and the analyzing cup, and then 
analyzed in the analyzing cup. In the present invention, 
however, the sampling vessel 305 and the analyzing cup 
336 are provided adjacent each other, so that the plating 
liquid transport pipes 330A, 330B each have a signifi- 40 
cantly reduced length as compared with the sampling 
tube In the prior-art plating apparatus. 
[0471] Therefore, the amount of the plating liquid to 
be transported can be controlled with a higher level of 
accuracy as compared with the prior-art plating appara- 45 
tus. Since air is unlikely to be trapped in the plating liquid 
transport pipes 330A, 330B between the sampling ves- 
sel 305 and the analyzing cup 336 provided adjacent 
each other, deterioration in the accuracy of the transpor- 
tation amount can be prevented. Therefore, the plating so 
liquid can accurately quantitatively be dispensed for the 
CVS analysis, the CPVS analysis orthe titrlmetric anal- 
ysis. Thus, the quantitative analysis can accurately be 
performed for the detemnination of the concentrations of 
the accelerator, the retarder and chlorine. 55 
[0472] An accelerator transport pipe 351 , a retarder 
transport pipe 352, a base liquid transport pipe 353, a 
silver nitrate aqueous solution transport pipe 354 and a 



sodium thiosulfate aqueous solution transport pipe 355 
extend from the reagent supplying section 313 to the 
analyzing cup 336. Nozzles 351 N, 352N, 353N, 354N 
and 355N provided in the upper portion of the analyzing 
cup 336 are connected to the accelerator transport pipe 
351, the retarder transport pipe 352, the base liquid 
transport pipe 353, the silver nitrate aqueous solution 
transport pipe 354 and the sodium thiosulfate aqueous 
solution transport pipe 355, respectively. The accelera- 
tor, the retarder, a base liquid, a silver nitrate aqueous 
solution and a sodium thiosulfate aqueous solution can 
be supplied into the analyzing cup 336 through the noz- 
zles 351 N, 352N, 353N, 354N and 355N, respectively. 
[0473] The base liquid is employed for diluting the 
plating liquid to be analyzed. The silver nitrate aqueous 
solution is employed as a reagent forthe titrimetric anal- 
ysis of chlorine. The sodium thiosulfate aqueous solu- 
tion is employed for cleaning the analyzing cup 336 by 
removing silver chloride (AgCI) generated during the ti- 
trimetric analysis of chlorine. 
[0474] A deionlzed water pipe 356 extends from the 
deionlzed water source to the analyzing cup 336. A 
valve 356V is provided in the deionlzed water pipe 356. 
A nozzle 356N provided in the upper portion of the an- 
alyzing cup 336 is connected to the deionlzed water pipe 
356. By opening the valve 356V, deionlzed water can 
be supplied into the analyzing cup 336 through the noz- 
zle 356N. 

[0475] The nozzles 330AN, 330BN, 351 N, 352N, 
353N, 354N, 355N, 356N are each located at such a 
height as to be kept out of contact with liquid contained 
In the analyzing cup 336. The nozzles 330AN, 330BN, 
351 N, 352N, 353N, 354N, 355N, 356N are capillary 
tubes each produced by thinly drawing an end portion 
of a fluororesin tube to an open diameter of not greater 
than 1 mm. Thus, very small amounts of the plating liq- 
uid, the reference plating liquid, the accelerator, the re- 
tarder, the base liquid, the sliver nitrate aqueous solu- 
tion, the sodium thiosulfate aqueous solution and deion- 
lzed water can be supplied dropwise into the analyzing 
cup 336. 

[0476] The analyzing cup 336 has a funnel-shaped 
bottom portion downwardly tapered. A drain port 336h 
Is provided at the lowest portion of the analyzing cup 
336. That is, the bottom portion of the analyzing cup 336 
Is inclined downward toward the drain port 336h. One 
end of a drain pipe 344 is connected to the drain port 
336h. The other end of the drain pipe 344 is connected 
to the pressure increasing/reducing section 302. 
[0477] Avalve 344V is provided In the drain pipe 344. 
With the valve 344V being open, the liquid in the ana- 
lyzing cup 336 can be sucked Into the pressure increas- 
ing/reducing section 302 by the pressure increasing/ re- 
ducing section 302. Since the bottom portion of the an- 
alyzing cup 336 Is inclined downward toward the drain 
port 336h (drain pipe 344) , the liquid In the analyzing 
cup 336 can virtually completely be drained. 
[0478] At least one liquid surface sensor (three liquid 
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surface sensors 331 A, 331 B, 331 C in this embodiment) 
is attached to a lateral side of the analyzing cup 336. 
The liquid surface sensors 331 A, 331 B, 331 C are capa- 
ble of detecting the presence or absence of the liquid at 
the heights of the liquid surface sensors 331 A, 331 B, s 
331 C In the analyzing cup 336. Among the liquid surface 
sensors 331 A, 331 B, 331C, the liquid surface sensor 
331 A is located at the highest position, and the liquid 
surface sensor 331 C is located at the lowest position. 
Output signals of the liquid surface sensors 331 A, 331 B, 
331 C are inputted to the minor constituent management 
controller 169. 

[0479] A rotary electrode 308, a counter electrode 
309, a reference electrode 310 and a silver/silver chlo- 
ride electrode 31 1 are inserted in the analyzing cup 336. 
The counter electrode 309, the reference electrode 310 
and the silver/silver chloride electrode 31 1 are disposed 
generally vertically. 

[0480] The rotary electrode 308 is composed of plat- 
inum (R) and provided at one end of a cylindrical rod 
308a of an insulative material. The rotary electrode 308 
is of a disk shape having a smaller diameter than the 
rod 308a, and is flush with an end face of the rod 308a 
and coaxial with the rod 308a. The rod 308a is disposed 
vertically with the rotary electrode 308 facing downward. 
The rod 308a is held rotatably about a center axis there- 
of by a holder not shown. 

[0481] An electrically conductive member 308b ex- 
tends through the rod 308a along the center axis of the 
rod 308a. One end of the electrically conductive mem- 
ber 308b is electrically connected to the rotary electrode 
308. The other end of the electrically conductive mem- 
ber 308b projects from the rod 308a, and a slip ring 312 
is attached to the projection. A rotary terminal of the slip 
ring 31 2 is electrically connected to the electrically con- 
ductive member 308b, while a stationary terminal of the 
slip ring 312 is electrically connected to the potentiostat 
1 72 via a conduction line. 

[0482] A pulley 315 is fitted around an end portion of 
the rod 308a adjacent to the slip ring 312. A pulley 317 
fitted around a rotation shaft of a motor 316 is disposed 
on a lateral side of the pulley 31 5. A belt 31 8 is stretched 
between the pulley 315 and the pulley 317. By driving 
the motor 316, the rotary electrode 308 can be rotated 
about the center axis of the rod 308a. The maximum 
rotation speed of the rotary electrode 308 may be, for 
example. 3000 rpm. 

[0483] The counter electrode 309 is composed of cop- 
per, and has a rod shape. The counter electrode 309 is 
electrically connected to the potentiostat 172 via a con- 
duction line. 

[0484] The reference electrode 31 0 includes an outer 
glass tube 310a, an inner glass tube 310b provided in 
the outer glass tube 310a, and a silver/silver chloride 
electrode 310c provided in the inner glass tube 310b. 
The inner glass tube 310b is filled with a mixture of a 
potassium chloride aqueous solution and a sulfuric acid 
aqueous solution, and a space defined between the out- 



er glass tube 31 Oa and the inner glass tube 31 Ob is filled 
with a 10-vol% sulfuric acid aqueous solution. The in- 
side of the inner glass tube 310b slightly communicates 
with the outside of the outer glass tube 31 Oa. The silver/ 
silver chloride electrode 310c is electrically connected 
to the potentiostat 1 72 and the minor constituent man- 
agement controller 169 via conduction lines. 
[0485] The silver/silver chloride electrode 31 1 has an 
exposed silver chloride surface, which is brought into 
contact with the plating liquid contained in the analyzing 
cup 336 for the analysis. The silver/silver chloride elec- 
trode 311 is electrically connected to the minor constit- 
uent management controller 169 via a conduction line. 
[0486] A vertical mechanism 326 is coupled to an up- 
per end of the silver/silver chloride electrode 311 for 
moving up and down the silver/silver chloride electrode 
311 . The vertical mechanism 326 is driven by an air cyl- 
inder 326a as a drive source, and a piston of the air cyl- 
inder 326a is coupled to the silver/silver chloride elec- 
trode 31 1 by a coupling member 326b. The silver/silver 
chloride electrode 31 1 can be lifted by the vertical mech- 
anism 326 so as to be brought out of contact with the 
liquid contained in the analyzing cup 336. 
[0487] The minor constituent management controller 
1 69 is capable of measuring the potential of the silver/ 
silver chloride electrode 311 with respect to the refer- 
ence potential of the silver/silver chloride electrode 31 Oc 
of the reference electrode 310. 
[0488] A sweep voltage specified by the minor con- 
stituent management controller 1 69 is applied to the po- 
tentiostat 1 72. The potentiostat 1 72 regulates an electric 
current flowing between the counter electrode 309 and 
the rotary electrode 308 so that a voltage between the 
reference electrode 31 0 and the rotary electrode 308 
(action electrode) is equalized with the sweep voltage. 
A voltage indicative of an electric current level observed 
at this time is applied to the minor constituent manage- 
ment controller 1 69. 

[0489] The analyzing cup 336 is housed in an analyz- 
ing cup chamber 332 defined by barrier walls. Air is ex- 
hausted from the analyzing cup chamber 322 through a 
dedicated air outlet pipe 333. In the analysis, the plating 
liquid contained in the analyzing cup 336 is stirred at a 
high speed by the rod 308a with the rotary electrode 
308, so that mist of the plating liquid is generated. The 
mist is exhausted from the minor constituent managing 
section 3 through the air outlet pipe 333. 
[0490] The opening and closing of the valves 356V, 
344V and the operations of the motor 316 and the air 
cylinder 326a are controlled by the minor constituent 
management controller 1 69. 

[0491] Fig. 29 is a schematic diagram illustrating the 
construction of the replenishment section 321 . 
[0492] The replenishment section 321 includes a 
preparation vessel (mixing cup) 335 for containing the 
plating liquid, and a chlorine replenishment liquid con- 
tainer 337 which contains a chlorine replenishment liq- 
uid for replenishing the plating liquid with chlorine (chlo- 
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rine ions). The chlorine replenishment liquid is supplied 
Into the preparation vessel 335 from the chlorine replen- 
ishment liquid container 337 via the buffer cup 343. An 
accelerator replenishment liquid for replenishing the 
plating liquid with the accelerator and a retarder replen- 
ishment liquid for replenishing the plating liquid with the 
retarder are supplied Into the preparation vessel 335 
from the reagent supplying section 313. 
[0493] In the replenishment section 321, a proper 
amount of the plating liquid is transported into the prep- 
aration vessel 335 from the plating liquid container 55, 
55S, and the chlorine replenishment liquid, the acceler- 
ator replenishment liquid and the retarder replenish- 
ment liquid are added In proper amounts to the plating 
liquid in the preparation vessel 335. Then, the resulting 
plating liquid is returned into the plating liquid container 
55, 55S. 

[0494] The preparation vessel 335 is composed of a 
resin, and has a volume of about 500 ml. At least one 
liquid surface sensor (two liquid surface sensors 338A, 
338B in this embodiment) Is provided on a lateral side 
of the preparation vessel 335. The liquid surface sen- 
sors 338A, 338B are capable of detecting the presence 
or absence of the plating liquid at the heights of the liquid 
surface sensors 338A, 338B in the preparation vessel 
335. The liquid surface sensor 338A is located at a high- 
er position than the liquid surface sensor 3388. Outputs 
of the liquid surface sensors 338A, 338B are inputted to 
the minor constituent management controller 169. 
[0495] The preparation vessel 335 has an upper cov- 
er 335a, and can virtually be sealed. An air inlet/outlet 
pipe 339 is connected between the preparation vessel 
335 and the pressure increasing/reducing section 302. 
The air inlet/outlet pipe 339 extends into the preparation 
vessel 335 through a pipe introduction port provided in 
the upper cover 335a (through the upper cover 335a) to 
open into an upper portion of the preparation vessel 335 
(in the vicinity of the upper cover 335a). 
[0496] Two valves 339V1 and 339V2 are provided in 
the air inlet/outlet pipe 339 on the side of the preparation 
vessel 335 and on the side of the pressure increasing/ 
reducing section 302, respectively. By opening the 
valves 339V1, 339V2 with the preparation vessel 335 
being virtually sealed, the Internal pressure of the prep- 
aration vessel 335 can be increased or reduced by the 
pressure increasing/reducing section 302. 
[0497] One end of a leak pipe 341 is connected to the 
air inlet/outlet pipe 339 at a branch point 01 between 
the valves 339V1 and 339V2. The other end of the leak 
pipe 341 is open to the atmosphere. A valve 341V is 
provided in the leak pipe 341. The internal pressure of 
the preparation vessel 335 can be set at the atmospher- 
ic pressure by simultaneously opening the valves 339V 1 
and 341V. 

[0498] The preparation vessel 335 has a hemispher- 
ical bottom portion, and a drain port is provided at the 
lowest portion (at the center of the bottom portion) of the 
preparation vessel 335. One end of a drain pipe 342 is 



connected to the drain port. That is, the bottom portion 
of the preparation vessel 335 is inclined downward to- 
ward the drain port (toward the junction with the drain 
pipe 342). 

5 [0499] The other end of the drain pipe 342 is connect- 
ed to the pressure increasing/reducing section 302. A 
valve 342V is provided in the drain pipe 342. With the 
valve 342V being open, liquid in the preparation vessel 
335 can be sucked into the pressure increasing/reduc- 
10 ing section 302 by the pressure increasing/reducing 
section 302. Since the bottom portion of the preparation 
vessel 335 is inclined downward toward the drain port 
(drain pipe 342), the liquid In the preparation vessel 335 
can virtually completely be drained. 

15 [0500] The replenishment pipes 324, 325 extend into 
the preparation vessel 335 through the upper cover 
325a. The replenishment pipes 324, 325 open into the 
vicinity of the bottom of the preparation vessel 335. 
Valves 324V and 325V are provided in the replenish- 

20 ment pipes 324 and 325, respectively. Flow channels of 
the replenishment pipes 324, 325 can be opened and 
closed by opening and closing the valves 324V, 325V. 
[0501 ] The buffer cup 343 is composed of a resin, and 
three liquid surface sensors 349A, 349B, 3490 of an op- 

25 tical or capacitive type are attached to a lateral side of 
the buffer cup 343. The liquid surface sensors 349A, 
349B, 3490 are capable of detecting the presence or 
absence of the chlorine replenishment liquid at the 
heights of the sensors 349A, 349B, 3490 in the buffer 

30 cup 343. Among the liquid surface sensors 349A, 349B, 
3490, the liquid surface sensor 349A is located at the 
highest position, and the liquid surface sensor 3490 is 
located at the lowest position. Outputs of the liquid sur- 
face sensors 349A, 349B, 3490 are inputted to the mi- 

35 nor constituent management controller 1 69. 

[0502] The buffer cup 343 has an upper cover 343a, 
and can virtually be sealed. A chlorine replenishment 
liquid transport pipe 345A extends from a bottom portion 
of the chlorine replenishment liquid container 337 to an 

40 upper portion of the buffer cup 343. The chlorine replen- 
ishment liquid transport pipe 345A extends into the buff- 
er cup 343 through the upper cover 343a to open Into 
the vicinity of the upper cover 343a of the buffer cup 343 . 
A valve 345V is provided in the chlorine replenishment 

45 liquid transport pipe 345A. 

[0503] A chlorine replenishment liquid transport pipe 
345B extends from the bottom of the buffer cup 343 to 
the upper portion of the preparation vessel 335 through 
the upper covers 343a, 335a. A syringe pump 346 is 

50 provided in the chlorine replenishment liquid transport 
pipe 345B. 

[0504] An air inlet/outlet pipe 347 Is connected be- 
tween the buffer cup 343 and a branch point 01 of the 
air inlet/outlet pipe 339. The air inlet/outlet pipe 347 ex- 
55 tends into the buffer cup 343 through the upper cover 
343a to open into the upper portion of the buffer cup 
343. A valve 347V is provided in the air inlet/outlet pipe 
347. By opening the valves 347V, 339V2 with the buffer 
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cup 343 being virtually sealed, the internal pressure of 
the buffer cup 343 can be reduced or increased by the 
pressure increasing/reducing section 302. 
[0505] By reducing the internal pressure of the buffer 
cup 343, the chiorine replenishment liquid in the chlorine 
replenishment liquid container 337 can be sucked into 
the buffer cup 343 through the chlorine replenishment 
liquid transport pipe 345A. By simultaneously opening 
the valves 341V and 347V, the internal pressure of the 
buffer cup 343 is set at the atmospheric pressure. The 
chlorine replenishment liquid can be supplied Into the 
preparation container 335 from the buffer cup 343 by 
the syringe pump 346. 

[0506] The buffer cup 343 has a funnel-shaped bot- 
tom portion, and a drain port Is provided at the lowest 
portion (at the center of the bottom portion) of the buffer 
cup 343. One end of a drain pipe 348 is connected to 
the drain port. That is. the bottom portion of the buffer 
cup 343 is inclined downward toward the drain port (to- 
ward the junction with the drain pipe 348). 
[0507] The other end of the drain pipe 348 Is connect- 
ed to the drain pipe 342 at a branch point C2. The branch 
point C2 is located between the valve 342V and the 
pressure increasing/reducing section 302. A vatve 348V 
is provided in the drain pipe 348. With the vatve 348V 
being open, the chlorine replenishment liquid in the buff- 
er cup 343 can be sucked into the pressure increasing/ 
reducing section 302 by the pressure increasing/reduc- 
ing section 302. Since the bottom portion of the buffer 
cup 343 is inclined downward toward the drain port (to- 
ward the drain pipe 348), the chlorine replenishment liq- 
uid can virtually completely be drained from the buffer 
cup 343. 

[0508] The open ends of the chlorine replenishment 
liquid transport pipe 345A and the air inlet/outlet pipe 
347 are each located at a higher position than the liquid 
surface sensor 349A in the buffer cup 343. The open 
end of the chlorine replenishment liquid transport pipe 
345B is located at a lower position than the liquid surface 
sensor 349C in the buffer cup 343. 
[0509] An accelerator replenishment liquid transport 
pipe 361 for transporting the accelerator replenishment 
liquid and a retarder replenishment liquid transport pipe 
362 for transporting the retarder replenishment liquid 
are connected between the reagent supplying section 
313 and the preparation vessel 335. The accelerator re- 
plenishment liquid transport pipe 361 and the retarder 
replenishment liquid transport pipe 362 extend into the 
preparation vessel 335 through the upper cover 335a to 
open into the upper portion of the preparation vessel 
335. 

[0510] A syringe pump 363 is provided in the acceler- 
ator replenishment liquid transport pipe 361 , while a sy- 
ringe pump 364 is provided in the retarder replenish- 
ment liquid transport pipe 362. The accelerator replen- 
ishment liquid and the retarder replenishment liquid are 
quantitatively dispensed into the preparation vessel 335 
from the reagent supplying section 313 through the ac- 



celerator replenishment liquid transport pipe 361 and 
the retarder replenishment liquid transport pipe 362 by 
the syringe pumps 363 and 364, respectively. 
[0511] A deionized water pipe 365 extends into the 

5 preparation vessel 335 through the upper cover 335a to 
be connected in communication with the preparation 
vessel 335. The deionized water pipe 365 opens into 
the vicinity of the upper cover 335a in the preparation 
vessel 335. A valve 365V is provided in the deionized 

'0 water pipe 365. By opening the valve 365V, deionized 
water can be supplied into the preparation vessel 335 
from the deionized water supply source. 
[0512] The open ends of the air inlet/outlet pipe 339, 
the chlorine replenishment liquid transport pipe 3458, 

'5 the accelerator replenishment liquid transport pipe 361 , 
the retarder replenishment liquid transport pipe 362 and 
the deionized water pipe 365 are each located at a high- 
er position than the liquid surface sensor 338A in the 
preparation vessel 335. The open ends of the replen- 

20 ishment pipes 324. 325 are each located at a lower po- 
sition than the liquid surface sensor 338B in the prepa- 
ration vessel 335. 

[0513] The opening and closing of the valves 324V, 
325V, 339V1, 339V2, 342V, 341V, 347V. 348V, 345V, 
25 365V and the operations of the syringe pumps 346, 363, 
364 are controlled by the minor constituent manage- 
ment controller 169. The vah/es 324V, 325V, 339V1, 
339V2, 342V, 341 V, 347V, 348V, 345V, 365V may be air 
valves. 

30 [0514] Fig. 30 is a schematic diagram illustrating the 
construction of the reagent supplying section 313. 
[051 5] The reagent supplying section 31 3 includes an 
accelerator container 371 which contains the accelera- 
tor, a retarder container 372 which contains the retarder, 

35 a base liquid container 373 whk;h contains the base liq- 
uid, a silver nitrate aqueous solution container 374 
which contains the silver nitrate aqueous solution, and 
a sodium thiosulfate aqueous solution container 375 
which contains the sodium thiosulfate aqueous solution. 

40 The base liquid has substantially the same composition 
as the plating liquid having a predetermined composi- 
tion but does not contain the minor constituents. The sil- 
ver nitrate aqueous solution has a concentration of 0.01 
N, for example. 

45 [051 6] The accelerator is supplied as a reagent to the 
analyzing cup 336 and as the accelerator replenishment 
liquid to the replenishment section 321 from the accel- 
erator container 371 via a buffer cup 376. The retarder 
is supplied as a reagent to the analyzing cup 336 and 

50 as the retarder replenishment liquid to the replenish- 
ment section 321 from the retarder container 372 via a 
buffer cup 377. 

[0517] The base liquid is supplied to the analyzing cup 
336 from the base liquid container 373 via a buffer cup 
55 378. The silver nitrate aqueous solution is supplied to 
the analyzing cup 336 from the silver nitrate aqueous 
solution container 374 via a buffer cup 379. The sodium 
thiosulfate aqueous solution is supplied to the analyzing 
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cup 336 from the sodium thiosulfate aqueous solution 
container 375 via a buffer cup 380. 
[051 8] The buffer cups 376 to 380 are composed of a 
resin, and each have a volume corresponding to the 
amount of liquid to be supplied at each time. Three liquid s 
surface sensors 406A to 41 OA, 406B to 41 OB, 406C to 
41 OC of an optical or capacltlve type are attached to a 
lateral side of each of the buffer cups 376 to 380. The 
liquid surface sensors 406A to 41 OA, 406B to 41 OB and 
406C to 41 OC are capable of detecting the presence or io 
absence of the liquids at the heights of the liquid surface 
sensors in the respective buffer cups 376 to 380. 
[0519] Among the liquid surface sensors 406A to 
41 OA, 406B to 41 OB and 406C to 41 OC, the liquid sur- 
face sensors 406A to 41 OA are located at the highest is 
positions, and the liquid surface sensors 406C to 41 OC 
are located at the lowest positions. Outputs of the liquid 
surface sensors 406A to 41 OA, 406B to 41 OB and 406C 
to 41 OC are inputted to the minor constituent manage- 
ment controller 1 69. 20 
[0520] The buffer cups 376 to 380 respectively have 
upper covers 376a to 380a. and can virtually be sealed. 
An accelerator transport pipe 381 , a retarder transport 
pipe 382, a base liquid transport plpe383, a silver nitrate 
aqueous solution transport pipe 384 and a sodium thio- 25 
sulfate aqueous solution transport pipe 385 respectively 
extend from bottom portions of the accelerator container 
371 , the retarder container 372, the base liquid contain- 
er 373, the silver nitrate aqueous solution container 374 
and the sodium thiosulfate aqueous solution container 30 

375 to upper portions of the buffer cups 376 to 380. 
[0521 ] The accelerator transport pipe 381 , the retard- 
er transport pipe 382, the base liquid transport pipe 383, 
the silver nitrate aqueous solution transport pipe 384 
and the sodium thiosulfate aqueous solution transport 35 
pipe 385 respectively extend into the buffer cups 376 to 
380 through the upper covers 376a to 380a to open into 

the vicinity of the upper covers 376a to 380a in the buffer 
cups 376 to 380. Valves 381 V to 385V are respectively 
provided in the accelerator transport pipe 381 , the re- 40 
tarder transport pipe 382, the base liquid transport pipe 
383, the silver nitrate aqueous solution transport pipe 
384 and the sodium thiosulfate aqueous solution trans- 
port pipe 385. 

[0522] An accelerator transport pipe 351 , a retarder "^5 
transport pipe 352, a base liquid transport pipe 353, a 
silver nitrate aqueous solution transport pipe 354 and a 
sodium thiosulfate aqueous solution transport pipe 355 
respectively extend from the bottoms of the buffer cups 

376 to 380 to the upper portion of the analyzing cup 336. so 
Syringe pumps 386 to 390 are respectively provided in 

the accelerator transport pipe 351 , the retarder transport 
pipe 352, the base liquid transport pipe 353, the silver 
nitrate aqueous solution transport pipe 354 and the so- 
dium thiosulfate aqueous solution transport pipe 355. S5 
The volumes of the syringe pumps 386 to 390 (the 
amounts of the liquids to be supplied by each suction/ 
discharge operation) differ depending on the type of the 



reagent to be supplied. 

[0523] Air inlet/outlet pipes 391 to 395 respectively 
extend into the buffer cups 376 to 380 through the upper 
covers 376a to 380a. The air inlet/outlet pipes 391 to 
395 respectively open Into the vicinity of the upper cov- 
ers 376a to 380a in the buffer cups 376 to 380. The air 
inlet/outlet pipes 391 to 395 are connected in commu- 
nication with a common air inlet/outlet pipe 396, which 
is connected to the pressure increasing/reducing sec- 
tion 302. 

[0524] Valves 391 V to 395V are respectively provided 
in the air inlet/outlet pipes 391 to 395. A valve 396V is 
provided in the common air inlet/outlet pipe 396 at a po- 
sition closerto the pressure increasing/reducing section 
302 than the air inlet/outlet pipes 391 to 395. By opening 
the valve 396V and one of the valves 391 V to 395V with 
a corresponding one of the buffer cups 376 to 380 being 
virtually sealed, the internal pressure of the con^espond- 
ing buffer cup 376 to 380 can be reduced or increased 
by the pressure increasing/reducing section 302. 
[0525] One end of a leak pipe 397 is connected to the 
common air inlet/outlet pipe 396 at a junction D1 with 
the air inlet/outlet pipe 391 . The other end of the leak 
pipe 397 is open to the atmosphere. A valve 397V Is 
provided in the leak pipe 397. By simultaneously open- 
ing the valve 397V and one of the valves 391V to 395V, 
the internal pressure of a corresponding one of the buff- 
er cups 376 to 380 can be set at the atmospheric pres- 
sure. 

[0526] Thebuffercups376to380each have a funnel- 
shaped bottom portion, and one end of a drain pipe 401 
to 405 is connected to the lowest portion (the center of 
the bottom portion) of the buffer cup 376 to 380. That is, 
the bottom portion of each of the buffer cups 376 to 380 
is inclined downward toward a drain port (toward the 
junction with the drain pipe 401 to 405). 
[0527] The other ends of the drain pipes 401 to 405 
are connected in communication with a common drain 
pipe 398. The common drain pipe 398 is connected to 
the pressure increasing/reducing section 302. Valves 
401V to 405V are respectively provided in the drain 
pipes 401 to 405. With one of the valves 401 V to 405V 
being open, liquid in a con'esponding one of the buffer 
cups 376 to 380 can be sucked into the pressure in- 
creasing/reducing section 302 by the pressure increas- 
ing/reducing section 302. Since the bottom portion of 
each of the buffer cups 376 to 380 is inclined downward 
toward the drain port (toward the drain pipe 401 to 405), 
the liquid can virtually completely be drained from the 
buffer cup 376 to 380. 

[0528] The accelerator replenishment liquid transport 
pipe 361 and the retarder replenishment liquid transport 
pipe 362 respectively extend into the buffer cups 376 
and 377 through the upper covers 376a and 377a. The 
accelerator replenishment liquid transport pipe 361 and 
the retarder replenishment liquid transport pipe 362 re- 
spectively open in the bottom portions of the buffer cups 
376 and 377. 
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[0529] The open ends of the accelerator transport 
pipe 381 and the air inlet/outlet pipe 391 are each locat- 
ed at a higher position than the iiquid surface sensor 
406A in the buffer cup 376. The open ends of the accel- 
erator transport pipe 351 and the accelerator replenish- s 
nnent liquid transport pipe 361 are each located at a low- 
er position than the liquid surface sensor 406C in the 
buffer cup 376. 

[0530] The open ends of the retarder transport pipe 

382 and the air inlet/outlet pipe 392 are each located at 
a higher position than the liquid surface sensor 407A in 
the buffer cup 377. The open ends of the retarder trans- 
port pipe 352 and the retarder replenishment liquid 
transport pipe 362 are each located at a lower position 
than the liquid surface sensor 407C in the buffer cup 
377. 

[0531 ] The open ends of the base liquid transport pipe 

383 and the air intet/outiet pipe 393 are each located at 
a higher position than the liquid surface sensor 408A in 
the buffer cup 378. The open end of the base liquid 
transport pipe 353 is located at a lower position than the 
liquid surface sensor 408C in the buffer cup 378. 
[0532] The open ends of the silver nitrate aqueous so- 
lution transport pipe 384 and the air inlet/outlet pipe 394 
are each located at a higher position than the liquid sur- 
face sensor 409A in the buffer cup 379. The open end 
of the silver nitrate aqueous solution transport pipe 354 
is located at a lower position than the liquid surface sen- 
sor 409C in the buffer cup 379. 
[0533] The open ends of the sodium thiosulfate aque- 
ous solution transport pipe 385 and the air inlet/outlet 
pipe 395 are each located at a higher position than the 
liquid surface sensor 41 OA in the buffer cup 380. The 
open end of the sodiunn thiosulfate aqueous solution 
transport pipe 355 is located at a tower position than the 
liquid surface sensor 41 DC in the buffer cup 380. 
[0534] The buffer cup 343 (see Fig. 29) and the buffer 
cups 376 to 380 have substantially the same construc- 
tion, and are connected to the respective liquid contain- 
ers, the analyzing cup 336 or the preparation vessel 
335, and the pressure increasing/reducing section 302 
in substantially the same manner. An explanation will 
hereinafter be given to the function of the buffer cup 376 
as an example. 

[0535] When it is judged that the accelerator is not 
present at the height of the liquid surface sensor 406B 
in the buffer cup 376, the minor constituent manage- 
ment controller 1 69 controls the pressure increasing/re- 
ducing section 302 and the valve 381V to reduce the 
internal pressure of the buffer cup 376 until the acceler- 
ator is detected by the liquid surface sensor 406A. Since 
the internal pressure of the accelerator container 371 is 
kept at the atmospheric pressure, the accelerator is sup- 
plied from the accelerator container 371 into the buffer 
cup 376. Thus, the surface level of the accelerator in the 
buffer cup 376 rises above the height of the liquid sur- 
face sensor 408A. 

[0536] When the accelerator is detected by the liquid 



surface sensor 406A. the valve 381V is closed and the 
valves 397V, 391V are opened under the control of the 
minor constituent management controller 169, so that 
the internal pressure of the buffer cup 376 is set at the 
atmospheric pressure. Thus, the supply of the acceler- 
ator from the accelerator container 371 to the buttercup 
376 is stopped. 

[0537] Where the accelerator is contained in a suffi- 
cient amount in the accelerator container 371 , the sur- 
face level of the accelerator reaches the height of the 
surface level sensor 406A within a predetermined peri- 
od. Where the accelerator is contained in an insufficient 
amount in the accelerator container 371, however, the 
accelerator cannot be supplied in a required amount to 
the buffer cup 376, so that the surface level of the ac- 
celerator does not reach the height of the liquid surface 
sensor 406A in the buffer cup 376. 
[0538] If the liquid surface sensor 406A does not de- 
tect the accelerator even after the internal pressure of 
the buffer cup 376 is reduced for the predetemnined pe- 
riod, the minor constituent management controller 1 69 
controls the audible alarni generator 400 and the display 
1 70 (see Fig. 24) to give an audible alann and to display 
on the display 1 70 a message that the accelerator con- 
tainer 371 is empty. In this case, the operator replaces 
the accelerator container 371 with another accelerator 
container 371 containing a predetermined amount of the 
accelerator. 

[0539] Thus, the accelerator in the accelerator con- 
tainer 371 can be used up, and the accelerator can con- 
stantly be contained in not smaller than a predetermined 
amount in the buffer cup 376. That is, there is virtually 
no possibility that the surface level of the accelerator in 
the buffer cup 376 is lowered below the height of the 
liquid surface sensor 406B. Since the open ends of the 
accelerator transport pipe 351 and the accelerator re- 
plenishment liquid transport pipe 361 are each located 
at a lower position than the liquid surface sensor 406B 
in the buffer cup 376, there is no possibility that air is 
trapped In the accelerator transport pipe 351 and the 
accelerator replenishment liquid transport pipe 361. 
Therefore, the accelerator (accelerator replenishment 
liquid) can be supplied exactly in a required amount into 
the analyzing cup 336 or the preparation vessel 335 by 
the syringe pump 386 or the syringe pump 363. 
[0540] If the surface level of the accelerator in the buff- 
er cup 376 is lowered below the height of the liquid sur- 
face sensor 406C, the minor constituent management 
controller 169 controls the audible alanm generator 400 
and the display 1 70 to give an audible alarm and to dis- 
play on the display 1 70 a message that the accelerator 
in the buffer cup 376 is almost used up. Even if the sur- 
face level of the accelerator is lowered to the height of 
the liquid surface sensor 406C for some reason (e.g., 
when the accelerator container 371 is left empty) , the 
alarm calls for operator* s attention, so that the operator 
can take proper measures (e.g., replace the accelerator 
container 371 ) for prevention of entrapment of air in the 
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accelerator transport pipe 351 . 
[0541 ] Similarly, the chlorine replenishment liquid, the 
retarder (retarden-eplenishment liquid), the base liquid, 
the silver nitrate aqueous solution and the sodium thlo- 
sulfate aqueous solution can be supplied exactly in re- 
quired amounts into the preparation vessel 335 or the 
analyzing cup 336 without entrapment of air in the chlo- 
rine replenishment liquid transport pipe 345B, the re- 
tarder replenishment liquid transport pipe 362, the re- 
tarder transport pipe 352, the base liquid transport pipe 
353, the silver nitrate aqueous solution transport pipe 
354 and the sodium thiosulfate aqueous solution trans- 
port pipe 355. 

[0542] Where the chlorine replenishment liquid, the 
accelerator, the retarder, the base liquid, the silver ni- 
trate aqueous solution and the sodium thiosulfate aque- 
ous solution in the buffer cups 343 and 376 to 380 are 
refreshed, the internal pressures of the buffer cups 343 
and 376 to 380 are increased and the valves 348V and 
401 V to 405V are opened under the control of the minor 
constituent management controller 1 69. After a lapse of 
a predetennined period from the non-detection of the 
liquids in the buffer cups 343 and 376 to 380 by the liquid 
surface sensors 349C and 406C to 41 OC, the valves 
348V and 401 V to 405V are closed under the control of 
the minor constituent management controller 169, 
whereby the internal pressures of the buffer cups 343 
and 376 to 380 are set at the atmospheric pressure. 
[0543] Thus, the chlorine replenishment liquid, the ac- 
celerator, the retarder. the base liquid, the silver nitrate 
aqueous solution and the sodium thiosulfate aqueous 
solution are virtually completely drained from the buffer 
cups 343 and 376 to 380, and transported to the pres- 
sure increasing/reducing section 302. 
[0544] Fig. 31 is a schematic diagram illustrating the 
construction of the pressure increasing/reducing sec- 
tion 302. The pressure increasing/reducing section 302 
includes a pressure increasing/reducing tank 412 and 
an air pump 411 . 

[0545] The pressure increasing/reducing tank 412 is 
sealed, and at least two liquid surface sensors (three 
liquid surface sensors 41 3A, 41 3B, 41 3C in this embod- 
iment) are attached to a lateral side of the pressure in- 
creasing/reducing tank 412. The liquid surface sensors 
41 3A, 41 3B, 41 3C are capable of detecting the pres- 
ence or absence of liquid at the heights of the liquid sur- 
face sensors 41 3A, 41 3B, 413C in the pressure increas- 
ing/reducing tank 41 2. Among the liquid surface sensors 
413A, 4138, 41 3C, the liquid surface sensor 413A is lo- 
cated at the highest position, and the liquid surface sen- 
sor 41 3C is located at the lowest position. Outputs of 
the liquid surface sensors 413A, 4135, 41 3C are input- 
ted to the minor constituent management controller 1 69. 
[0546] Pipe introduction ports are provided in the top 
of the pressure increasing/reducing tank 412. The air 
inlet/outlet pipe 329 and the drain pipe 334 from the 
sampling section 31 9, the drain pipe 344 from the ana- 
lyzing cup 336, the common air inlet/outlet pipe 396 and 



the common drain pipe 398 from the reagent supplying 
section 313, and the air inlet/outlet pipe 339 and the 
drain pipe 342 from the replenishment section 321 are 
connected in communication with the pressure increas- 

s ing/reduclng tank 412 through the pipe introduction 
ports. The open ends of the air inlet/outlet pipes 329, 
339, the common air inlet/outlet pipe 396, the drain 
pipes 334, 342 and the common drain pipe 398 are each 
located at a higher position than the liquid surface sen- 

10 sor 41 3A in the pressure increasing/reducing tank 412. 
[0547] A drain pipe 41 4 is connected to a side wall of 
the pressure increasing/reducing tank 41 2 at a lower po- 
sition than the liquid surface sensor 41 3C in communi- 
cation with the pressure increasing/reducing tank 412. 

15 A valve 414V is provided in the drain pipe 41 4. By open- 
ing the valve 41 4V, the liquid in the pressure increasing/ 
reducing tank 412 can be drained. The drained liquid is 
discarded. 

[0548] The pressure increasing/reducing tank 412 is 
20 connected in communteation with the air pump 411 
through an air inlet/outlet pipe 415. The air pump 411 
includes an air exhaustion pipe 416 and an air suppiy 
pipe 417. The air Inlet/outlet pipe 415 is connected in 
communication with the air exhaustion pipe 41 6 and the 
25 air supply pipe 41 7. A th ree-way valve 41 6V is provided 
in the air exhaustion pipe 416, while a three-way valve 
41 7V is provided in the air supply pipe 41 7. 
[0549] By actuating the air pump 411 with communi- 
cation being established between the air pump 411 and 
30 the atmosphere by the three-way valve 416V and be- 
tween the air pump 411 and the air inlet/outlet pipe 415 
by the three-way valve 417V, air can be supplied into 
the pressure increasing/reducing tank 41 2. By actuating 
the air pump 41 1 with communication being established 
35 between the air pump 411 and the air Inlet/outlet pipe 
415 by the three-way valve 416V and between the air 
pump 41 1 and the atmosphere by the three-way valve 
41 7V, air can be exhausted from the pressure increas- 
ing/reducing tank 412. 
40 [0550] Thus, the internal pressures of the sampling 
vessel 305 (see Fig. 27) and the preparation vessel 335 
(see Fig. 29) can be increased or reduced, and the in- 
ternal pressures of the buffer cups 376 to 380 (see Fig. 
30) can be reduced via the pressure increasing/reduc- 
es ing tank 412. By reducing the internal pressure of the 
pressure increasing/reducing tank 41 2, liquid (waste liq- 
uid) can be sucked into the pressure increasing/reduc- 
ing tank 412 from the sampling vessel 305, the analyz- 
ing cup 336 (see Fig. 28), the preparation vessel 335 or 
50 the buffer cup 376 to 380 by a difference In internal pres- 
sure between the pressure increasing/reducing tank 
412 and the sampling vessel 305, the analyzing cup 
336, the preparation vessel 335 or the buffer cup 376 to 
380 kept at the atmospheric pressure. 
55 [0551] The opening and closing ofthe valve 414V and 
the three-way valves 416V, 417V are controlled by the 
minor constituent management controller 169. The 
valve 414V and the three-way valves 416V. 417V may 
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be air valves. 

[0552] Fig. 32 is a schematic perspective y/'iew illus- 
trating the construction of the minor constituent manag- 
ing section 3. 

[0553] The minor constituent managing section 3 is 
housed in a minor constituent managing section enclo- 
sure 420. The minor constituent managing section en- 
closure 420 is a rectangular box virtually sealed. The 
minor constituent managing section enclosure 420 is 
vertically divided into three portions, i.e., an upper stage 
420U. a middle stage 420M and a lower stage 420L, by 
partition walls. Air communication can be established 
between the upper stage 420U and the middle stage 
420M and between the middle stage 420M and the low- 
er stage 420L. 

[0554] The upper stage 420U serves as an electrical 
component housing space in which the minor constitu- 
ent management controller 1 69 is housed. The display 
170 connected to the minor constituent management 
controller 1 69 is attached to a side wall of the minor con- 
stituent managing section enclosure 420 on a lateral 
side of the upper stage 420U, so that the operator can 
externally check the operation of the minor constituent 
managing section 3. The display 170 is a liquid crystal 
display which is capable of color display. 
[0555] The keyboard 171 is provided below the dis- 
play 1 70 in a drawable manner. The operator can input 
infomnation from the keyboard 1 71 while viewing the dis- 
play 1 70. 

[0556] The analyzing cup chamber 332 (see Fig. 28) 
is disposed on the middle stage 420M . The middle stage 
420M of the minor constituent managing section enclo- 
sure 420 has an air outlet port 420h, and an air outlet 
pipe 433 is connected to the air outlet port 420h. Air can 
be exhausted from the minor constituent managing sec- 
tion enclosure 420 through the air outlet pipe 433. An 
air outlet pipe 333 for exhausting air from the analyzing 
cup chamber 332 extends through the middle stage 
420M of the minor constituent managing section enclo- 
sure 420. The air outlet pipes 333, 433 are connected 
to the air exhauster system not shown. 
[0557] A shallow vat 432 is provided on the bottom of 
the lower stage 420L. The vat 432 has such a size as 
to cover the entire bottom of the minor constituent man- 
aging section enclosure 420. The accelerator container 
371 , the retarder container 372, the base liquid contain- 
er 373, the silver nitrate aqueous solution container 374 
and the sodium thiosutfate aqueous solution container 
375 of the reagent supplying section 313 (see Fig. 30) 
are disposed in the vat 432. The vat 432 has a volume 
greater than the total volume of these containers. Even 
if all the liquids contained in these containers are leaked 
out, the leaked liquids can be received in the vat 432. 
[0558] Horizontal slit-like openings 434 are fomned in 
the side wall of the minor constituent managing section 
enclosure 420 on a lateral side of the tower stage 420L 
at a higher level than an upper edge of the vat 432. The 
intemal pressure of the minor constituent managing 



section enclosure 420 is reduced to a negative level by 
exhausting air through the air outlet pipes 333, 433. 
Thus, air is introduced into the minor constituent man- 
aging section enclosure 420 from the openings 434, so 
s that the minor constituent managing section enclosure 
420 is ventilated. 

[0559] An interconnection duct 435 is provided in a 
vertical comer portion of the minor constituent manag- 
ing section enclosure 420 as extending from the upper 

10 stage 420U to the lower stage 420L through the middle 
stage 420M. The signal lines and the conduction lines 
connected to the minor constituent management con- 
troller 169 are routed through the interconnection duct 
435 thereby to be protected from the reagents. 

15 [0560] Fig. 33 is a schematic diagram illustrating the 
construction of the utility section 301 . 
[0561] The utility section 301 includes an air exhaus- 
tion managing section 421 for managing exhaustion of 
air from the minor constituent managing section enclo- 

20 sure 420, a delonized water introduction section 422 for 
managing introduction of delonized water into the minor 
constituent managing section 3, a compressed air intro- 
duction section 423 for managing introduction of com- 
pressed air into the minor constituent managing section 

25 3, a leakage detecting section 424 for detecting leakage 
of the liquid used in the minor constituent managing sec- 
tion 3, and a liquid draining section 419 for draining the 
waste liquids collected in the minor constituent manag- 
ing section 3. 

30 [0562] The air exhaustion managing section 421 in- 
cludes an air exhaustion pressure sensor 436 attached 
to the air outlet pipe 333, an air exhaustion pressure 
sensor 437 and an air exhaustion pressure indicator 438 
attached to the air outlet pipe 433. The air exhaustion 

35 pressure sensors 436 and 437 are capable of measur- 
ing the air exhaustion pressures of the air outlet pipes 
333 and 433, respectively. Output signals of the air ex- 
haustion pressure sensors 436, 437 are inputted to the 
minor constituent management controller 1 69. The air 

40 exhaustion pressure indicator 438 is capable of indicat- 
ing the air exhaustion pressure of the air outlet pipe 433. 
The air exhaustion pressure sensors 436, 437 and the 
air exhaustion pressure indicator 438 are disposed with- 
in the minor constituent managing section enclosure 

45 420. 

[0563] A delonized water pipe 439 for introducing 
delonized water for use in the minor constituent manag- 
ing section 3 extends into the utility section 301 through 
the minor constituent managing section enclosure 420. 

so The delonized water introduction section 422 includes 
a manual valve 440, an air valve 439V, a regulator 442 
and a pressure meter 443 which are provided in the 
delonized water pipe 439 in this order from the upstream 
side to the downstream side. The manual vah^e 440, the 

S5 air valve 439V, the regulator 442 and the pressure meter 
443 are disposed in the minor constituent managing 
section enclosure 420. The air valve 439V is controlled 
by the minor constituent management controller 1 69. 
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[0564] The operator can open and close the flow 
channel of the delonized water pipe 439 by means of 
the manual valve 440. The opening and closing of the 
air valve 439V is controlled by the minor constituent 
management controller 169. The operator can adjust s 
the secondary pressure of the delonized water pipe 439 
(a pressure on the downstream side of the regulator 
442) by means of the regulator 442, and confirm the sec- 
ondary pressure by means of the pressure meter 443. 
The deionized water pipe 439 is branched into the io 
delonized water pipes 327, 356, 365 downstream of the 
pressure meter 443 (see Fig. 26). 
[0565] A compressed air pipe 444 for introducing 
compressed air for use In the minor constituent manag- 
ing section 3 extends into the utility section 301 through ^5 
the minor constituent managing section enclosure 420. 
The compressed air is used for driving the air valves. 
The compressed air introduction section 423 Includes a 
manual valve 445, a regulator 446 and a pressure meter 
447, which are provided in the compressed air pipe 444 20 
in this order from the upstream side to the downstream 
side. The manual valve 445 is disposed outside the mi- 
nor constituent managing section enclosure 420, while 
the regulator 446 and the pressure meter 447 are dis- 
posed in the minor constituent managing section encio- 25 
sure 420. 

[0566] The operator can open and close the flow 
channel of the compressed air pipe 444 by means of the 
manual valve 445. The operator can adjust the second- 
ary pressure of the compressed air pipe 444 (a pressure 30 
on the downstream side of the regulator 446) by means 
of the regulator 446, and confirm the secondary pres- 
sure by means of the pressure meter 447. 
[0567] The leakage detecting section 424 Includes a 
leakage detection sensor 448 provided in the vat 432, 35 
and a leakage detection amplifier 449 connected to the 
leakage detection sensor 448. The leakage detection 
sensor 448 includes a pair of electrodes 448A, 448B dis- 
posed in spaced relation on the bottom of the vat 432. 
The electrode 448A and the electrode 448B are usually 40 
electrically isolated from each other, but when liquid is 
leaked out of any of the containers disposed In the vat 
432, electrical conduction is established between the 
electrode 448A and the electrode 448B. 
[0568] The leakage detection amplifier 449 outputs an 45 
Orsi/OFF signal indicative of electrical conduction or 
non-conduction between the electrode 448A and the 
electrode 448B to the minor constituent management 
controller 1 69. Thus, the minor constituent management 
controller 1 69 can detect the leakage of the liquid in the so 
vat 432. Where deionized water supplied through the 
deionized water pipe 327,356 or 365 orthe plating liquid 
sampled through the sampling pipe 322 or 323 is leaked 
out of the corresponding flow channel, the leaked deion- 
ized water or plating liquid is also received in the vat 55 
432. Even in this case, the leakage is detected by the 
leakage detection sensor 448. 
[0569] A leaked liquid drain pipe 450 is connected to 



the bottom of the vat 432. The leaked liquid drain pipe 
450 extends out of the utility section 301 through the 
bottom of the minor constituent managing section en- 
closure 420. 

[0570] The liquid draining section 41 9 includes a man- 
ual valve 451 provided in the leaked liquid drain pipe 
450, and a manual valve 452 provided in the drain pipe 
414. The manual valves 451 , 452 are disposed outside 
the minor constituent managing section enclosure 420. 
The operator can drain the liquid leaked in the vat 432 
by opening the manual valve 451 . Further, the operator 
can drain the liquid collected in the pressure increasing/ 
reducing tank 412 by simultaneously opening the valve 
414V and the manual valve 452 (see Fig. 31). 
[0571] Fig. 34 is a block diagram Illustrating the con- 
struction of the control system for the minor constituent 
managing section 3. 

[0572] The minor constituent management controller 
1 69 controls the entire minor constituent managing sec- 
tion 3. Hardware of the minor constituent management 
controller 169 includes a central processing unit (CPU) 
1 69C, a storage device 1 69M including a semiconductor 
memory and a magnetic memory, RS-232C compatible 
serial ports 470, RS-485 compatible serial ports 471, 
and a plurality of printed circuit boards 169P. The mag- 
netic memory may be, for example, a hard disk (HD) 
incorporated in a hard disk drive (H DD), or a flexible disk 
(FD) to be inserted into a flexible disk drive (FDD). 
[0573] Software employed in the minor constituent 
management controller 169 Includes an operating sys- 
tem, and application programs which are at least partly 
described in a high-level language. These programs are 
stored In the storage device 169M. The application pro- 
grams include recipes for analyzing the minor constitu- 
ents of the plating liquid and the like. 
[0574] Parameters for the CVS (CPVS) analysis, the 
titrimetric analysis and the cleaning of the analyzing cup 
336 can be Inputted from the keyboard 171 connected 
to the minor constituent management controller 169. 
[0575] The minor constituent management controller 
1 69 is connected to the wafer treating section 1 (system 
controller 155) and a computer integrated manufactur- 
ing (CIM) system for centrally controlling the entire plant 
by a host computer via the RS-232C compatible serial 
ports 470 by cables. Where the minor constituent man- 
aging section 3 is further connected to the plating sec- 
tion 12s provided in the second wafer treating section 
(see Fig. 25), the minor constituent management con- 
troller 1 69 is connected a system controller of the sec- 
ond wafer treating section (of the second plating appa- 
ratus) via the RS-232C compatible serial port 470 by a 
cable. 

[0576] Electric power is supplied to the minor constit- 
uent management controller 1 69 via a power source cir- 
cuit 461 and an uninterruptible power source 462. A 
main switch 463, an emergency open (EMO) switch 464 
and an interlock circuit 465 are connected to the power 
source circuit 461 . The minor constituent managing sec- 
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tion 3 Is usually powered on and off by the main switch 
463, but in an emergency, powered off by the emergen- 
cy open switch 464. Further, the minor constituent man- 
aging section 3 is powered off when a power-off request 
signal outputted from the interlock circuit 465 is inputted 5 
to the power source circuit 461 in a certain event. 
[0577] Even after power supply through the power 
source circuit 461 is stopped, the uninterruptlbte power 
source 462 can supply electric power to the minor con- 
stituent management controller 1 69 for a predetennined io 
period. Thus, even if the power supply is stopped by the 
emergency open switch 464, the minor constituent man- 
agement controller 169 can store data in the magnetic 
memory in the storage device 169M. 
[0578] The output signals of the air exhaustion pres- 
sure sensors 436, 437 and the leakage detection sensor 
448 are Inputted to the minor constituent management 
controller 1 69 via the interlock circuit 465 and the serial/ 
parallel converter 174. An opening/closing signal of the 
air valve 439 (see Fig. 33) serving as a deionized water ^ 
main valve is inputted to the interlock circuit 465 from 
the minor constituent management controller 169 
through the serial/parallel converter 174, and an elec- 
tromagnetic valve 469 for opening and closing the air 
valve 439V is controlled by the Interlock circuit 465. 25 
[0579] The interlock circuit 465 is capable of sampling 
signals in parallel from specific sensors. If a signal in- 
dicative of a risky state of the apparatus is inputted from 
any of these sensors, the intertock circuit 465 controls 
a relay circuit to remove the cause of the risky state. 30 
This control operation is directly perfomned by the inter- 
lock circuit 465 not via the minor constituent manage- 
ment controller 169. 

[0580] When a signal (an ON signal) indicative of the 
detection of liquid leakage is inputted from the liquid 35 
leakage detection amplifier 449, for example, there is a 
possibility that leakage of deionized water may occur. 
Therefore, the deionized water main valve (air valve 
439V) is closed under the control of the interlock circuit 
465. Further, when a signal indicative of an abnormal 40 
air exhaustion pressure is inputted to the Interlock circuit 
465 from the air exhaustion pressure sensor 436 or the 
air exhaustion pressure sensor 437, the Interlock circuit 
465 outputs a power-off request signal to the power 
source circuit 461 to stop the power supply. 45 
[0581 ] The motor 3 1 6 for rotating the rotary electrode 
308 is controlled by the minor constituent management 
controller 169 via the serial/parallel converter 174 and 
a motor controller 466. A rotation speed indicator 467 
and a rotation speed setting knob 468 are connected to so 
the motor controller 466. The motor 31 6 is turned on and 
off on the basis of a signal from the minor constituent 
management controller 169. (f an abnomnallty occurs in 
the motor controller 466, an alann Is outputted from the 
motor controller 466 to the minor constituent manage- ss 
ment controller 1 69. 

[0582] The minor constituent management controller 
169 is connected in series to a controller for the syringe 



pumps 173 (the large volume syringe pump 340A, the 
small volume syringe pump 340B, the syringe pumps 
346, 363, 364 and 386 to 390) via the RS-485 compat- 
ible port 471 . That is, the plurality of syringe pumps are 
controlled via a single serial bus. 
[0583] The analysis of the plating liquid and the addi- 
tion of the replenishment liquids to the plating liquid 
based on the results of the analysis are automatically 
carried out under the control of the minor constituent 
management controller 169. An explanation will herein- 
after be given to how to analyze the plating liquid being 
used in the plating section 12 by the analyzing section 
320. In this embodiment, the retarder, the accelerator 
and chlorine are analyzed in this order. However, the 
minor constituent managing section 3 may perfomri one 
or more of the analysis of the retarder, the analysis of 
the accelerator and the analysis of chlorine in any order. 
The accelerator and the retarder are analyzed through 
the CPVS analysis. 

[0584] First, the valve 322V is opened with the other 
valves in the analyzing section 320 kept closed under 
the control of the minor constituent management con- 
troller 169 (see Fig. 27). Then, the minor constituent 
management controller 169 controls the pressure in- 
creasing/reducing section 302 to reduce the internal 
pressure of the sampling vessel 305 (to lower than the 
atmospheric pressure). Since the internal pressure of 
the plating liquid container 55 is set at the atmospheric 
pressure, the plating liquid is supplied (sampled) from 
the plating liquid container 55 into the sampling vessel 
305 by the pressure difference. 
[0585] When the surface level of the plating liquid in 
the sampling vessel 305 rises to reach the level of the 
liquid surface sensor 307B or 307A by the supply of the 
plating liquid, the valve 322V is closed under the control 
of the minor constituent management controller 169 to 
stop the supply of the plating liquid into the sampling 
vessel 305. The open ends of the sampling pipes 322, 
323, the deionized water pipe 327, the reference plating 
liquid transport pipe 304 and the air inlet/outlet pipe 329 
are each located at a higher position than the liquid sur- 
face sensor 307A and, hence, are not submerged in the 
plating liquid. 

[0586] In turn, the minor constituent management 
controller 1 69 controls the pressure increasing/reducing 
section 302 to increase the Internal pressure of the sam- 
pling vessel 305 (to higher than the atmospheric pres- 
sure). Thereafter, the valve 322V is opened under the 
control of the minor constituent management controller 
169. Since the internal pressure of the sampling vessel 
305 is higher than the internal pressure of the plating 
liquid container 55, the plating liquid remaining in the 
sampling pipe 322 is forced back into the plating liquid 
container 55. 

[0587] At this time, the open end of the sampling pipe 
322 is not submerged in the plating liquid in the sampling 
vessel 305. Therefore, the plating liquid sampled into 
the sampling vessel 305 does not flow back through the 
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sampling pipe 322. This operation is continued for a 
proper period, whereby the plating liquid finally be- 
comes absent from the sampling pipe 322. 
[0588] Therefore, the plating liquid previously sam- 
pled for the analysis is not present in the sampling pipe 5 
322, 323, when the plating liquid is next sampled for the 
analysis. Therefore, the plating liquid supplied from the 
plating liquid container 55 or 55S can be analyzed as it 
is. Unlike the prior-art plating apparatus, there is no 
need for discarding a certain amount of the plating liquid io 
initially sampled in the analyzing section 320 (plating ap- 
paratus 1 0), so that the amount of the waste plating liq- 
uid can be reduced. 

[05891 Thereafter, the valve 322V is closed under the 
control of the minor constituent management controller '5 
1 69, whereby the pressure increasing/reducing section 
302 stops increasing the intemal pressure of the sam- 
pling vessel 305. Further, the valves 328V, 329V are 
opened under the control of the minor constituent man- 
agement controller 169 to set the intemal pressure of 20 
the sampling vessel 305 at the atmospheric pressure. 
[0590] Subsequently, the analysis of the retarder in 
the plating liquid contained in the sampling vessel 305 
(hereinafter referred to as "analysis plating liquid") is 
started. First, the minor constituent management con- 25 
troller 1 69 controls the syringe pump 388 of the reagent 
supplying section 31 3 to supply 1 00 ml of the base liquid 
into the analyzing cup 336. Then, the minor constituent 
management controller 169 controls the motor control- 
ler 466 to rotate the rotary electrode 308 at 2500 rpm. 3o 
[0591] Further, the minor constituent management 
controller 1 69 controls the potentiostat 1 72 to control the 
electric current flowing between the counter electrode 
309 and the rotary electrode 308 so that the voltage be- 
tween the rotary electrode 308 (action electrode) and 35 
the reference electrode 310 is equalized with a sweep 
voltage specified by the minor constituent management 
controller 169. The sweep voltage is set as cyclically 
fluctuating stepwise within a predetemnined potential 
range. 40 
[0592] Thus, the deposition and removal (stripping) of 
copper with respect to the rotaiy electrode 308 cyclically 
occur. The integral of the electric current flowing through 
the rotary electrode 308 when copper deposited on the 
rotary electrode 308 by the plating is stripped (stripping 45 
electric charge) has a certain correlation with the con- 
centration of the accelerator or the retarder in the plating 
liquid. Therefore, the concentration of the accelerator or 
the retarder can be detemriined by monitoring the elec- 
tric cun-ent flowing through the rotary electrode 308. so 
[0593] The sweeping (the cyclic fluctuation of the 
sweep voltage) is repeated five times. Thus, the strip- 
ping electric charge is stabilized. A stripping electric 
charge AR observed at the fifth sweeping is stored in 
the storage device 1 69M. The stripping electric charge 55 
AR represents a stripping electric charge for the base 
liquid, i.e., a plating liquid containing neither the accel- 
erator nor the retarder. 



[0594] In turn, the minor constituent management 
controller 169 controls the small volume syringe pump 
340B to supply 150^1 of the analysis plating liquid addi- 
tionally to the base liquid in the analyzing cup 336. As 
the analysis plating liquid containing the retarder is add- 
ed to the base liquid, the stripping electric charge is re- 
duced. 

[0595] Then, the sweep voltage is applied again to the 
potentiostat 1 72, and a stripping electric charge AR^ ob- 
served at the second sweeping is stored in the storage 
device 1 69M. The additional supply of the analysis plat- 
ing liquid and the measurement and storage of stripping 
electric charges ARn (n=l, 2, 3, ...) are repeated in the 
aforesaid manner under the control of the minor constit- 
uent management controller 169, until anARn/AR ratio 
satisfies ARn/AR<0.3. If the increase in the concentra- 
tion of the retarder is slow, i.e., if the ARn/AR ratio re- 
duces at a lower rate, the amount of the analysis plating 
liquid to be additionally supplied at each time may be 
Increased greater than 150 

[0596] Subsequently, a program stored in the storage 
device 169M is executed to determine the amount V^^ 
of the analysis plating liquid to be added to provide an 
ARn/AR ratio of ARn/AR=0.5 by linear approximation on 
the basis of data obtained when the ARn/AR ratio is 
about 0.5. The retarder concentration 0^^5,3^ of the 
analysis plating liquid is calculated from an expression 
leveler" CF(VA+VendyVend ^y the minor constituent 
management controller 169, and stored in the storage 
device 1 69M in relation to the date and time of the anal- 
ysis. 

[0597] In the aforesaid expression, V^ Is the volume 
of the base liquid, and CF is a calibration factor for 
matching a retarder concentration 0,^^^,^^ obtained on 
the basis of the retarder concentration calculation ex- 
pression by actually analyzing the reference plating liq- 
uid contained in the reference plating liquid container 
303 (see Fig. 27) with the known retarder concentration 
of the reference plating liquid. 
[0598] The level of the stripping electric charge varies 
depending on the accelerator concentration as well as 
the retarder concentration. In the aforesaid method, the 
influence of the accelerator is nullified by diluting the 
analysis plating liquid with the base liquid, whereby the 
retarder concentration can accurately be detennined. 
[0599] After the completion of the analysis, the rota- 
tion of the rotary electrode 308 is stopped and the valve 
344V is opened under the control of the minor constitu- 
ent management controller 1 69. Then, the plating liquid 
is drained from the analyzing cup 336 by the suction of 
the pressure increasing/reducing section 302. The 
drained plating liquid is transported into the pressure In- 
creasing/reducing tank 412 through the drain pipe 344. 
[0600] Subsequently, the analyzing cup 336 is 
cleaned. First, the valve 356V is opened under the con- 
trol of the minor constituent management controller 1 69 
to supply deionized water to a predetennined level (e. 
g., to the level of the liquid surface sensor 331 A) in the 
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analyzing cup 336. The minor constituent managennent 
controller 1 69 controls the motor controller 466 to rotate 
the rotary electrode 308 (rod 308a) for a predetermined 
period to stir the deionized water in the analyzing cup 
336. 5 
[0601 ] Thereafter, the vatve 344V is opened under the 
control of the minor constituent management controller 
1 69 to drain the deionized water from the analyzing cup 
336 by the suction of the pressure increasing/reducing 
section 302. The drained deionized water is transported io 
into the pressure increasing/reducing tank 412 through 
the drain pipe 344. The supply of deionized water to the 
analyzing cup 336 and the stirring and draining of the 
deionized water are repeated twice. Thus, the cleaning 
of the analyzing cup 336 is completed. i5 
[0602] Subsequently, the analysis of the accelerator 
Is started. First, the minor constituent management con- 
troller 169 controls the syringe pump 388 of the reagent 
supplying section 31 3 to supply 1 00 ml of the base liquid 
into the analyzing cup 336. Then, the minor constituent 20 
management controller 169 controls the motor control- 
ler 466 to rotate the rotary electrode 308 at 2500 rpm. 
[0603] Further, the minor constituent management 
controller 1 69 controls the potentiostat 1 72 to control the 
electric current flowing between the counter electrode 25 
309 and the rotary electrode 308 so that the voltage be- 
tween the rotary electrode 308 (action electrode) and 
the reference electrode 310 is equalized with a sweep 
voltage specified by the minor constituent management 
controller 1 69. The sweep voltage is set as cyclically 30 
fluctuating stepwise within a predetermined potential 
range. The sweeping is repeated until a stripping electric 
charge is stabilized. Thus, the surface state of the rotary 
electrode 308 is stabilized. After the rotation of the rotary 
electrode 308 is stopped, the minor constituent man- 35 
agement controller 169 controls the pressure increas- 
ing/reducing section 302 and the valve 344V to drain the 
base liquid from the analyzing cup 336, 
[0604] Then , the minor constituent management con- 
troller 1 69 controls the syringes 388, 387 of the reagent 40 
supplying section 313 to supply 95 ml of the base liquid 
and 5 ml of the retarder into the analyzing cup 336. 
Then, the minor constituent management controller 1 69 
controls the motor controller 466 to rotate the rotary 
electrode 308, for example, at 2500 rpm. 45 
[0605] In turn, the sweeping at a predetermined po- 
tential is repeated five times under the control of the mi- 
nor constituent management controller 1 69. This stabi- 
lizes the stripping electric charge. A stripping electric 
charge ARi observed at the fifth sweeping Is stored in so 
the storage device 1 69M. After the rotation of the rotary 
electrode 308 is stopped, the minor constituent man- 
agement controller 169 controls the pressure increas- 
ing/reducing section 302 and the valve 344V to drain the 
base liquid containing the retarder from the analyzing ss 
cup 336. 

[0606] Then, the minor constituent management con- 
troller 1 69 controls the large volume syringe pump 340A 



in the sampling section 319 and the syringe pump 387 
in the reagent supplying section 313 to supply 95 ml of 
the analysis plating liquid and 5 ml of the retarder into 
the analyzing cup 336. The minor constituent manage- 
ment controller 1 69 controls the motor controller 466 to 
rotate the rotary electrode 308, for example, at 2500 
rpm. 

[0607] In turn, the sweeping at a predetennined po- 
tential is repeated five times under the control of the mi- 
nor constituent management controller 169. Thus, the 
stripping electric charge is stabilized. A stripping electric 
charge ARs observed at the fifth sweeping is stored In 
the storage device 169M. 

[0608] Then, the minor constituent management con- 
troller 1 69 controls the syringe pump 386 to supply 1 00 
fil of the accelerator additionally to the analysis plating 
liquid in the analyzing cup 336. The sweeping at a pre- 
detennined potential is repeated five times under the 
control of the minor constituent management controller 
169. Thus, the stripping electric charge is stabilized. A 
stripping electric charge AR^ observed at the fifth 
sweeping is stored in the storage device 169M. 
[0609] Further, the minor constituent management 
controller 169 controls the syringe pump 386 to supply 
1 00 p.1 of the accelerator additionally to the analysis plat- 
ing liquid in the analyzing cup 336. The sweeping at a 
predetennined potential is repeated five times under the 
control of the minor constituent management controller 
169. Thus, the stripping electric charge is stabilized. A 
stripping electric charge AR2 observed at the fifth 
sweeping is stored in the storage device 1 69M. 
[061 0] Subsequently, a program stored in the storage 
device 1 69M is executed so that an accelerator concen- 
tration Cx of the analysis plating liquid is calculated from 
an expression Cx= (ARs-ARi) / (AR2-ARS) by the minor 
constituent management controller 169 and stored in 
the storage device 169M in relation to the date and time 
of the analysis. The level of the stripping electric charge 
varies depending on the retarder concentration as well 
as the accelerator concentration. In the aforesaid meth- 
od, the retarder concentration is sufficiently increased 
to saturate the influence of the retarder by adding the 
retarder to the base liquid and the analysis plating liquid, 
whereby the accelerator concentration can accurately 
be determined. 

[0611] Where the measurement is normally per- 
fomned, the stripping electric charges ARs, AR^, AR2 
and the accelerator concentrations In measurement are 
plotted in a linear relationship. Therefore, whether or not 
the measurement is normally perfonned can be judged 
by checking the relationship. 

[0612] After the completion of the analysis, the rota- 
tion of the rotary electrode 308 is stopped and the vatve 
344V is opened under the control of the minor constitu- 
ent management controller 1 69, and the plating liquid is 
drained from the analyzing cup 336 by the suction of the 
pressure increasing/reducing section 302. 
[0613] Subsequently, the analyzing cup 336 is 
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cleaned. First, the valve 356V is opened under the con- 
trol of the minor constituent management controller 1 69 
to supply deionlzed water to a predetermined level (e. 
g., to the level of the liquid surface sensor 331 A) in the 
analyzing cup 336. Then, the minor constituent man- 
agement controller 1 69 controls the motor control ler 466 
to rotate the rotary electrode 308 (rod 308a) for a pre- 
determined period to stir the delonized water in the an- 
alyzing cup 336. 

[061 4] Thereafter, the valve 344V is opened underthe 
control of the minor constituent management controller 
169 to drain the delonized water from the analyzing cup 
336 by the suction of the pressure increasing/reducing 
section 302. The supply of deionlzed water to the ana- 
lyzing cup 336 and the stirring and draining of the delon- 
ized water are repeated twice. Thus, the cleaning of the 
analyzing cup 336 is completed. 
[0615] Subsequently, the titrimetric analysis of chlo- 
rine is perfonned. First, the minor constituent manage- 
ment controller 169 controls the large volume syringe 
pump 340A in the sampling section 319 to supply 100 
ml of the analysis plating liquid into the analyzing cup 
336. Then, the minor constituent management control- 
ler 169 controls the motor controller 466 to rotate the 
rotary electrode 308 (rod 308a) to stir the analysis plat- 
ing liquid contained in the analyzing cup 336. 
[0616] In this state, the minor constituent manage- 
ment controller 1 69 controls the syringe pump 389 in the 
reagent supplying section 313 to add 0.2 ml of the 0.01 
N silver nitrate aqueous solution dropwise to the ana- 
lyzing cup 336. A potential difference between the ref- 
erence electrode 310 and the silver/silver chloride elec- 
trode 31 1 after the dropwise addition is stored in the stor- 
age device 169M. The dropwise addition of the silver 
nitrate aqueous solution and the storage of the potential 
difference are repeated a predetemiined number of 
times. 

[0617] Fig. 35 is a diagram illustrating a relationship 
of the amount of the added silver nitrate aqueous solu- 
tion versus the potential difference between the refer- 
ence electrode 310 and the silver/silver chloride elec- 
trode 31 1 This diagram can be displayed on the display 
170 (see Fig. 32) provided on the minor constituent 
managing section enclosure 420 during the titrimetric 
analysis. Thus, the operator can check the progress of 
the titrimetric analysis. 

[0618] A program stored in the storage device 1 69M 
is executed so that the minor constituent management 
controller 169 determines a point (equivalent point) Eq 
at which a change in the potential difference between 
the reference electrode 31 0 and the silver/silver chloride 
electrode 311 during each addition of the silver nitrate 
aqueous solution is maximized, and calculates the total 
amount Dj of the silver nitrate aqueous solution added 
until the equivalent point Eq is reached. Then, the chlo- 
rine concentration of the analysis plating liquid is calcu- 
lated as a chloride ion concentration (mg/l) from an ex- 
pression D,.x7.09 wherein Dy is the total amount (ml) 



of the added silver nitrate aqueous solution. The chlo- 
rine concentration is stored In the storage device 1 69M 
in relation to the date and time of the analysis. 
[0619] In turn, the rotation of the rotary electrode 308 
(rod 308a) is stopped and the valve 344V is opened un- 
der the control of the minor constituent management 
controller 1 69, and the plating liquid is drained from the 
analyzing cup 336 by the suction of the pressure in- 
creasing/reducing section 302. In this state, precipitate 
of silver chloride occurring during the titrimetric analysis 
of chlorine is present in the analyzing cup 336. Then, 
the Inside of the analyzing cup 336 is cleaned. 
[0620] First, the minor constituent management con- 
troller 1 69 controls the vertical mechanism 326 (see Fig. 
28) so that the silver/silver chloride electrode 311 is 
moved up to be retracted out of the analyzing cup 336. 
Then, the minor constituent management controller 169 
controls the syringe pump 390 in the reagent supplying 
section 313 to supply 100 ml of the sodium thiosulfate 
aqueous solution into the analyzing cup 336. 
[0621] In turn, the minor constituent management 
controller 1 69 controls the motor controller 466 to rotate 
the rotary electrode 308 (rod 308a) for a predetermined 
period to stir the sodium thiosulfate aqueous solution in 
the analyzing cup 336. Thus, the silver chloride precip- 
itate is dissolved In the sodium thiosulfate aqueous so- 
lution in the analyzing cup 336. Since the silver/silver 
chloride electrode 31 1 is retracted above the analyzing 
cup 336, the silver/silver chloride electrode 311 is not 
dissolved in the sodium thiosulfate aqueous solution. 
[0622] Thereafter, the valve 344V is opened underthe 
control of the minor constituent management controller 
169 to drain the sodium thiosulfate aqueous solution 
from the analyzing cup 336 by the suction of the pres- 
sure increasing/reducing section 302. The drained so- 
dium thiosulfate aqueous solution is transported into the 
pressure increasing/reducingtank 41 2 through the drain 
pipe 344. 

[0623] In turn, the minor constituent management 
controller 169 controls the vertical mechanism 326 to 
move down the silver/silver chloride electrode 311 into 
the analyzing cup 336. Subsequently, the valve 356V is 
opened under the control of the minor constituent man- 
agement controller 169 to supply deionizedwater to a 
predetemiined level (e.g., to the level of the liquid sur- 
face sensor 331 A) in the analyzing cup 336. Then, the 
minor constituent management controller 169 controls 
the motor controller 466 to rotate the rotary electrode 
308 (rod 308a) for a predetermined period to stir the 
deionlzed water in the analyzing cup 336. Thereafter, 
the valve 344V is opened under the control of the minor 
constituent management controller 169 to drain the 
delonized water from the analyzing cup 336 by the suc- 
tion of the pressure increasing/reducing section 302. 
[0624] The supply of the deionlzed water to the ana- 
lyzing cup 336 and the stirring and draining of the delon- 
ized water are repeated twice. Thus, the cleaning of the 
analyzing cup 336 is completed. 
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[0625] Subsequently, the inside of the sampling ves- 
sel 305 (see Fig. 27) is cleaned. First, the valve 334V is 
opened under the control of the minor constituent man- 
agement controller 1 69 to drain the plating liquid from 
the sampling vessel 305 by the suction of the pressure 
increasing/reducing section 302. Then, the valve 327V 
is opened under the control of the minor constituent 
management controller 169 to supply deionized water 
to a predetermined level (e.g., to the level of the liquid 
surface sensor 307A) in the sampling vessel 305. 
[0626] Thereafter, the valve 334V is opened under the 
control of the minor constituent management controller 
1 69 to drain the deionized water from the sampling ves- 
sel 305 by the suction of the pressure increasing/reduc- 
ing section 302. Thus, the cleaning of the sampling ves- 
sel 305 is completed. 

[0627] Where the plating liquid being used in the sec- 
ond plating section 12S is analyzed, the valve 323V is 
opened and closed with the valve 322V being closed to 
sample the plating liquid from the plating liquid container 
6SS through the sampling pipe 323. Then, the sampled 
plating liquid Is analyzed in the same manner as de- 
scribed above. Thus, the plating liquid can be sampled 
from either of the plating sections 12 and 1 2S by open- 
ing and closing the valves 322V. 323V for selection of 
the corresponding one of the sampling pipes 322, 323. 
[0628] After the completion of the analysis of the plat- 
ing liquid in the plating section 12 or the plating section 
12S, the plating liquid is present neither in the sampling 
vessel 305 nor in the analyzing cup 336. Therefore, 
there is no possibility that the plating liquids in the plating 
sections 1 2, 1 2S aremixed. Accordingly, the quantitative 
analysis of the plating liquid can accurately be achieved. 
[0629] In response to a command inputted from the 
keyboard 171 by the operator, the minor constituent 
management controller 1 69 is capable of displaying any 
of the accelerator concentration, the retarder concen- 
tration and the chlorine concentration stored in the stor- 
age section 169M in the form of a list or a graph in the 
chronological order on the display 1 70. This permits the 
operator to estimate the consumption rates of the minor 
constituents. When the concentration of any of these mi- 
nor constituents is reduced below a predetenmined con- 
centration level, the operator can prepare a replenish- 
ment liquid for replenishing the plating liquid with the mi- 
nor constituent. 

[0630] Next, an explanation will be given to how to ad- 
just the concentrations of the accelerator, the retarder 
and chlorine in the plating liquid in the plating section 1 2. 
[0631] First, a program stored in the storage device 
1 69M is executed to acquire information on the amount 
of the plating liquid in the plating section 12 from the 
system controller 1 55 via the signal line (serial line) L1 3. 
The system controller 1 55 calculates the amount of the 
plating liquid in the plating section 12 on the basis of 
infomnation on the volumes of the plating cups 56a to 
56d and the surface level of the plating liquid in the plat- 
ing liquid container 55 based on the output signal of the 



ultrasonic level meter 72 (see Fig. 7). 
[0632] The minor constituent management controller 
169 calculates the amounts of the accelerator replen- 
ishment liquid, the retarder replenishment liquid and the 

5 chlorine replenishment liquid to be added to the plating 
liquid on the basis of the data of the accelerator, retarder 
and chlorine concentrations of the plating liquid and the 
data of the amount of the plating liquid in the plating sec- 
tion 12 stored in the storage device 169M so as to allow 

10 the plating liquid in the plating section 2 to have the pre- 
determined accelerator, retarder and chlorine concen- 
tration levels. 

[0633] In tum, the valve 324V is opened and the other 
valves in the replenishment section 321 are closed un- 

15 der the control of the minor constituent management 
controller 169. Then, the minor constituent manage- 
ment controller 1 69 controls the pressure increasing/re- 
ducing section 302 to exhaust air from the preparation 
vessel 335 for reduction of the internal pressure of the 

20 preparation vessel 335. Since the plating liquid contain- 
er 55 is set at the atmospheric pressure, the plating liq- 
uid is supplied into the preparation vessel 335 through 
the replenishment pipe 324 by the pressure difference. 
[0634] The surface level of the plating liquid in the 

25 preparation vessel 335 rises as the plating liquid is sup- 
plied into the preparation vessel 335 and, when a pre- 
detennined level (e.g., the level of the liquid surface sen- 
sor 33BA) is reached, the valve 324V is closed under 
the control of the minor constituent management con- 

30 troller 1 69. Thus, the supply of the plating liquid into the 
preparation vessel 335 is stopped. The open ends of the 
air inlet/outlet pipe 339. the chlorine replenishment liq- 
uid transport pipe 345B, the accelerator replenishment 
liquid transport pipe 361 , the retarder replenishment liq- 

35 uid transport pipe 362 and the deionized water pipe 365 
are each located at a higher level than the liquid surface 
sensor 338A in the preparation vessel 335 and, hence, 
are not submerged in the plating liquid In the preparation 
vessel 335. Thereafter, the valves 339V1, 341V are 

40 opened under the control of the minor constituent man- 
agement controller 169 to set the internal pressure of 
the preparation vessel 335 at the atmospheric pressure. 
[0635] In turn, the minor constituent management 
controller 1 69 controls the syringe pumps 363, 364, 346 

45 to supply the accelerator replenishment liquid, the re- 
tarder replenishment liquid and the chlorine replenish- 
ment liquid Into the preparation vessel 335 in replenish- 
ment amounts determined by the minor constituent 
management controller 169. If any of the accelerator 

50 concentration, the retarder concentration and the chlo- 
rine concentration is kept at the predetermined concen- 
tration level (within the predetermined concentration 
range), there is no need to supply the corresponding mi- 
nor constituent replenishment liquid into the preparation 

55 vessel 335. 

[0636] Subsequently, the minor constituent manage- 
ment controller 1 69 controls the pressure increasing/re- 
ducing section 302 to increase the internal pressure of 
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the preparation vessel 335, and the valve 324V is 
opened. Since the internal pressure of the preparation 
vessel 335 is higher than the internal pressure of the 
plating liquid container 55 at this time, the plating liquid 
in the preparation vessel 335 and the replenishment 
pipe 324 is transported into the plating liquid container 
55. The plating liquid in the preparation vessel 335 can 
mostly be transported into the plating liquid container 
55, because the replenishment pipe 324 extends to the 
vicinity of the bottom of the preparation vessel 335. The 
transportation operation is continued for a sufficient pe- 
riod to transport the plating liquid from the replenishment 
pipe 324 into the plating liquid container 55. 
[0637] Where the plating liquid remains in the prepa- 
ration vessel 335 at this time, the accelerator replenish- 
ment liquid, the retarder replenishment liquid and the 
chlorine replenishment liquid cannot be supplied exactly 
in the required amounts to the plating liquid in the plating 
liquid container 55. This is because the accelerator re- 
plenishment liquid, the retarder replenishment liquid 
and the chlorine replenishment liquid intended to be 
supplied to the plating liquid in the plating liquid contain- 
er 55 are partly present in the plating liquid remaining in 
the preparation vessel 335. Therefore, the amounts of 
the accelerator replenishment liquid, the retarder re- 
plenishment liquid and the chlorine replenishment liquid 
supplied into the plating liquid container 55 are smaller 
than the required amounts. In this case, the plating liquid 
In the plating section 12 does not have the predeter- 
mined accelerator, retarder and chlorine concentra- 
tions. 

[0638] Therefore, the plating liquid is once transport- 
ed from the plating liquid container 55 into the prepara- 
tion vessel 335, and then transported from the prepara- 
tion vessel 335 into the plating liquid container 55. Thus, 
the accelerator replenishment liquid, the retarder re- 
plenishment liquid and the chlorine replenishment liquid 
contained in the plating liquid initially remaining in the 
preparation vessel 335 can mostly be transported into 
the plating liquid container 55. As required, the trans- 
portation of the plating liquid from the plating liquid con- 
tainer 55 to the preparation vessel 335 and from the 
preparation vessel 335 to the plating liquid container 55 
may be repeated. 

[0639] Thus, the accelerator replenishment liquid, the 
retarder replenishment liquid and the chlorine replenish- 
ment liquid can be supplied substantially in the required 
amounts to the plating liquid in the plating section 12. 
After the completion of the final transportation of the 
plating liquid into the plating liquid container 55, the plat- 
ing liquid is discharged so as not to remain in the replen- 
ishment pipe 324. 

[0640] Afterthe completion of the transportation of the 
plating liquid from the preparation vessel 335 into the 
plating liquid container 55, the valve 324V Is closed and 
the valves 339V1 , 341V are opened under the control 
of the minor constituent management controller 169, 
whereby the internal pressure of the preparation vessel 



335 is set at the atmospheric pressure. Thus, the addi- 
tion of the accelerator replenishment liquid, the retarder 
replenishment liquid and the chlorine replenishment liq- 
uid to the plating liquid in the plating section 1 2 is com- 
5 pleted. 

[0641] Subsequently, the inside of the preparation 
vessel 335 is cleaned. First, the valve 342V is opened 
under the control of the minor constituent management 
controller 1 69 to drain the plating liquid from the prepa- 

10 ration vessel 335 by the suction of the pressure increas- 
ing/reducing section 302. The drained plating liquid is 
transported into the pressure increasing/reducing tank 
412 through the drain pipe 342. With the valves 365V, 
342V being open, deionized water is supplied and 

15 drained from the preparation vessel 335 by the suction 
of the pressure increasing/reducing section 302 under 
the control of the minor constituent management con- 
troller 169. 

[0642] Addition of the accelerator replenishment liq- 

20 uid, the retarder replenishment liquid and the chlorine 
replenishment liquid to the plating liquid being used in 
the second plating section 1 28 can be achieved in sub- 
stantially the same manner as described above, except 
that the replenishment pipe 325 and the valve 325V are 

25 operated instead of the replenishment pipe 324 and the 
valve 324V. Thus, the accelerator replenishment liquid, 
the retarder replenishment liquid and the chlorine re- 
plenishment liquid can be added to either of the plating 
liquids in the plating sections 12, 12S by opening and 

30 closing the valves 324V, 325V for selection of the cor- 
responding one of the replenishment pipes 324, 325. 
[0643] Since the plating liquid Is not present In the 
preparation vessel 335 after the completion of the addi- 
tion of the accelerator replenishment liquid, the retarder 

35 replenishment liquid and the chlorine replenishment liq- 
uid to the plating section 1 2 or 1 2S, there is no possibility 
that the plating liquids in the plating sections 12, 12S 
are mixed. 

[0644] In the aforesaid manner, the plating liquids can 

40 be kept in the predetermined composition. With the use 
of the plating liquids, the plating sections 12, 128 can 
each properly perform the plating process to plate the 
semiconductor substrate with copper with the fine holes 
(e.g., vla-holes) and grooves (trenches) thereof filled 

45 with copper. 

[0645] The accelerator replenishment liquid, the re- 
tarder replenishment liquid and the chlorine replenish- 
ment liquid are preliminarily mixed with the plating liquid 
in the preparation vessel 335 before being transported 

50 into the plating liquid container 55, 55S. Therefore, even 
if any of these replenishment liquids is less soluble (or 
dispersible) in the plating liquid, dissolution (or disper- 
sion) of the replenishment liquid in the plating liquid in 
the plating section 12, 12S can be achieved in a short 

55 time. 

[0646] The preparation vessel 335 is located In the vi- 
cinity of the accelerator container 371 (buffer cup 376), 
the retarder container 372 (buffer cup 377) andthechlo- 
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rine replenishment liquid container 337 {buffer cup 343) 
in the common minor constituent managing section en- 
closure 420. Therefore, the accelerator replenishment 
liquid transport pipe 361 . the retarder replenishment liq- 
uid transport pipe 362 and the chlorine replenishment 
liquid transport pipe 345B each have a reduced length. 
[0647] Therefore, even if the accelerator replenish- 
ment liquid, the retarder replenishment liquid and the 
chlorine replenishment liquid are required to be added 
in small amounts to the plating liquid, the syringe pumps 
363, 364, 346 can supply the required amounts of the 
accelerator replenishment liquid, the retarder replenish- 
ment liquid and the chlorine replenishment liquid with a 
higher level of accuracy. Since there is virtually no tem- 
perature difference between the preparation vessel 335 
and the replenishment section 321 disposed adjacent 
each other, the accuracies of the replenishment 
amounts are not adversely affected by the themnat ex- 
pansion or contraction of the accelerator replenishment 
liquid transport pipe 361 , the retarder replenishment liq- 
uid transport pipe 382 and the chlorine replenishment 
liquid transport pipe 345B, and the accelerator replen- 
ishment liquid, the retarder replenishment liquid and the 
chlorine replenishment liquid transported through these 
pipes. 

[0648] While the embodiment of the present invention 
has thus been described, the invention may be embod- 
ied in any other ways. For example, the concentrations 
of the accelerator and/or the retarder may be deter- 
mined by the CVS analysis. In this case, the voltage ap- 
plied between the rotary electrode 308 (action elec- 
trode) and the reference electrode 310 is continuously 
changed unlike in the case of the CPVS analysis. 
[0649] Fig. 36 is a diagram illustrating a relationship 
of the voltage between the rotary electrode 308 and the 
reference electrode 31 0 versus the electric current flow- 
ing between the counter electrode 309 and the action 
electrode 310 in the CVS analysis. The abscissa repre- 
sents the potential of the rotary electrode 308 with re- 
spect to the reference electrode 310, and the ordinate 
represents the electric current flowing out of the rotary 
electrode 308 with a positive sign. 
[0650] Fig. 36 illustrates sweep voltage characteris- 
tics obtained when the sweep voltage fluctuates in one 
cycle. The sweep voltage is increased from a starting 
level of about 0.5 V to about 1 .6 V, then reduced to about 
-0.2 V, and increased to the starting level. The sweep 
rate Is about 100 mV/sec. 

[0651] In a negative voltage range (indicated by a ref- 
erence characterG) in Fig. 36), the electric current re- 
duces (in a negative range), as the voltage reduces. In 
this voltage range, copper is deposited on the rotary 
electrode 308 by the plating. In a voltage range of 0 to 
0.2 V (indicated by a reference character® in Fig. 36), 
the electric current has a peak projecting on a positive 
side. In this voltage range, a copper film formed by the 
plating is stripped from the rotary electrode 308. The 
concentrations of the accelerator and the retarder in the 



plating liquid can be determined on the basis of a strip- 
ping electric charge calculated as the integral of the 
electric current. 

[0652] The apparatus may be constructed so that the 
5 single minor constituent managing section 3 is shared 
by three ormorewafertreatingsections. In this case, it is 
merely necessary to additionally provide sampling pipes 
and replenishment pipes for selectively transporting 
plating liquids between the respective wafer treating 
10 sections and the minor constituent managing section 3. 
The number of the wafer treating sections which share 
the minor constituent managing section 3 influences 
neither the accuracy of the analysis nor the accuracies 
of the replenishment amounts of the replenishment liq- 
15 uids. 

[0653] Any number of the constituents can be ana- 
lyzed and any number and types of the replenishment 
liquids can be supplied by modifying the construction of 
the analyzing section 320 and the replenishment section 

20 321 . That is, the analyzing section 320 and the replen- 
ishment section 321 may be adapted to quantitatively 
analyze minor constituents other than the accelerator, 
the retarder and chlorine, and additionally supply these 
minor constituents in required amounts to the wafer 

25 treating section. 

[0654] While the present invention has been de- 
scribed in detail by way of the embodiment thereof, it 
should be understood that the foregoing disclosure is 
merely illustrative of the technical principles of the 

30 present invention but not limitative of the same. The spir- 
it and scope of the present invention are to be limited 
only by the appended claims. 

[0655] This application corresponds to Japanese Pat- 
ent Application No. 2002-368581 filed with the Japa- 

35 nese Patent Office on December 19, 2002, the disclo- 
sure of which is incorporated herein by reference. 
[0656] The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 
drawings may, both separately and in any combination 

40 thereof, be material for realising the invention in diverse 
forms thereof. 



Claims 

45 

1 . A plating apparatus (10) for plating a substrate (W), 
the apparatus comprising: 

a cassette stage (1 6) for receiving thereon a 
50 cassette (C) which is capable of accommodat- 

ing a substrate to be treated; 
a plating unit (20a to 20d) comprising a cathode 
ring (80) having a cathode (83) to be brought 
into contact with the substrate and rotatable to- 
55 gether with the substrate kept in contact with 

the cathode, and a plating cup (56a to 56d) hav- 
ing an anode (76) disposed therein and capable 
of containing a plating liquid which contains a 



55 



109 



EP 1 431 424 A2 



110 



plating accelerating additive, a plating retarding 
additive and chlorine as nnlnor constituents 
thereof; 

a cleaning unit (22a. 22b) for cleaning the sub- 
strate; 5 
a substrate transport mechanism (TR) for 
transporting the substrate between the cas- 
sette placed on the cassette stage, the plating 
unit and the cleaning unit; 

a post-treatment agent supplying section (4) for io 
supplying a post-treatment agent to the clean- 
ing unit; 

aminor constituent managing section (3) com- 
prising an analyzing section (320) for quantita- 
tively analyzing the plating accelerating addl- is 
tive, the plating retarding additive and chlorine 
in the plating liquid being used in the plating 
unit, and a minor constituent management con- 
troller (1 69) for controlling the minor constituent 
managing section, the analyzing section com- 20 
prising an analyzing cup (320) capable of con- 
taining a part of the plating liquid to be ana- 
lyzed, a plurality of reagent supply nozzles 
(351 N to 354N) for supplying analytic liquid re- 
agents Into the analyzing cup, a reference elec- 25 
trode (310) and a silver/silver chloride elec- 
trode (311 ) for a titrlmetric analysis, and a rotary 
electrode(308), a counter electrode (309) and 
a reference electrode (31 0) for a CVS analysis 
or a CPVS analysis; 30 
an enclosure (30) which houses therein a sub- 
strate treating section (1) including the plating 
unit, the cleaning unit and the substrate trans- 
port mechanism; and 

a system controller (1 56) for controlling the en- 3S 
tire apparatus. 

2. A plating apparatus as claimed in claim 1, further 
comprising a vertical mechanism (326) for moving 

up and down the silver/silver chloride electrode be- 40 
tween the inside and the outside of the analyzing 
cup. 

3. A plating apparatus as claimed In claim 1 or 2, 

wherein the analyzing cup has a drain port 45 
(336h) provided in a bottom thereof, 

wherein the bottom of the analyzing cup Is in- 
clined downward toward the drain port. 

4. A plating apparatus as claimed in any of claims 1 to so 
3. wherein at least one of the plural reagent supply 
nozzles has an opening having an open diameter 

of not greater than 1 mm. 

5. A plating apparatus as claimed in any of claims 1 to ss 
4. 

wherein the analyzing section further com- 
prises a plurality of syringe pumps (386 to 389) for 



supplying the plating liquid and the analytic rea- 
gents into the analyzing cup, 

wherein the syringe pumps are each control- 
led via a serial bus connected to the minor constit- 
uent management controller. 

6. A plating apparatus as claimed in any of claims 1 to 
5, wherein the analyzing section comprises: 

a reagent container (371 to 374) which contains 

each of the analytic reagents; 

a buffer cup (376 to 379) adapted to be virtually 

sealed; 

a liquid surface sensor (406A to 409A. 406B to 
409B, 406C to 409C) connected to the minor 
constituent management controller for provid- 
ing infomriation on a liquid surface level in the 
buffer cup; 

a first liquid transport pipe (381 to 384) extend- 
ing from the vicinity of a bottom of the reagent 
container to the buffer cup; 
a second liquid transport pipe (351 to 354) ex- 
tending from the vicinity of a bottom of the buffer 
cup to the analyzing cup; and 
an air exhaustion mechanism (302, 411) for ex- 
hausting air from the buffer cup; 

wherein the minor constituent management 
controller controls the air exhaustion mechanism to 
exhaust air from the buffer cup in response to a 
judgment made on the basis of an output signal of 
the liquid surface sensor that liquid is not present at 
a first level higher than an open end of the second 
liquid transport pipe in the buffer cup. 

7. A plating apparatus as claimed in claim 6, 

wherein an audible alarm generator (400) and 
a display (1 70) are connected to the minor constit- 
uent management controller, 

wherein the liquid surface sensor comprises 
a lower limit sensor (406B to 4098) for detecting the 
presence or absence of the liquid at the first level 
In the buffer cup, and an upper limit sensor (406A 
to 409A) for detecting the presence or absence of 
the liquid at a second level higherthan the first level 
in the buffer cup, 

wherein, if the liquid is not detected at the sec- 
ond level In the buffer cup by the upper limit sensor 
after air is exhausted from the buffer cup for a pre- 
determined period by the air exhaustion mecha- 
nism, the minor constituent management controller 
controls the audible alann generator to give an au- 
dible alami, and controls the display to display a 
message that the reagent container is empty. 

8. A plating apparatus as claimed in any of claims 1 to 
7, wherein the analyzing section comprises: 
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a sampling vessel (305) provided in the vicinity 
of the analyzing cup and adapted to be virtually 
sealed; 

a sampling pipe (322, 323) extending between 
the substrate treating section and the sampling 5 
vessel; 

a plating liquid transport pipe (330A, 330B) ex- 
tending between the sampling vessel and the 
analyzing cup; and 

an air exhaustion mechanism (302, 411) con- io 
nected in communication with the sampling 
vessel for exhausting air from the sampling ves- 
sel. 

9. A plating apparatus as claimed in claim 8, ^5 

wherein the sampling pipe opens into an up- 
per portion of the sampling vessel, 

wherein the minor constituent managing sec- 
tion further comprises an air supply mechanism 
(302, 41 1 ) for supplying air into the sampling vessel. 20 

10. A plating apparatus as claimed In any of claims 1 to 
9, 

wherein the minor constituent management 
controller comprises a storage device (1 69M), 25 

wherein the minor constituent management 
controller is connected to a display (1 70) and an in- 
. put device (171) which allows an operator to input 
infonmation, 

wherein the minor constituent management 30 
controller is adapted to store concentration levels 
of the plating retarding additive, the plating acceler- 
ating additive and chlorine in the plating liquid ana- 
lyzed by the analyzing section in relation to the date 
and time of the analysts in the storage device, and 35 
controls the display so that the concentration levels 
of the plating retarding additive, the plating acceler- 
ating additive and chlorine stored in the storage de- 
vice are displayed on the display in a chronological 
order in response to a command inputted via the 40 
input device by the operator. 

1 1 . A plating apparatus as claimed in any of claims 1 to 
10. 

wherein the minor constituent management 45 
controller is connected to a display (170), 

wherein the minor constituent management 
controller is adapted to display a graph indicative of 
a relationship of an amount of a reagent supplied 
dropwise into the analyzing cup for the titrimetric so 
analysts versus a potential difference between the 
reference electrode and the silver/silver chloride 
electrode on the display. 

12. A plating apparatus as claimed in any of claims 1 to 55 
11, 

wherein the minor constituent management 
controller and the system controller are connected 



to each other via a serial line (LI 3), 

wherein the system controller is adapted to 
acquire information on the total amount of the plat- 
ing liquid being used in the substrate treating sec- 
tion. 

wherein the minor constituent management 
controller is adapted to acquire the information on 
the total amount of the plating liquid from tiie system 
controller via the serial line, and further adapted to 
determine amounts of a replenishment liquid con- 
taining the plating retarding additive, a replenish- 
ment liquid containing the plating accelerating ad- 
ditive and a replenishment liquid containing chlorine 
to be added to the plating liquid on the basis of the 
Information on the total amount of the plating liquid 
and the concentration levels of the plating retarding 
additive, the plating accelerating additive and chlo- 
rine detennined through the analysis by the analyz- 
ing section, so that the concentrations of the plating 
retarding additive, the plating accelerating additive 
and chlorine in the plating liquid in the substrate 
treating section are adjusted to predetennined con- 
centration levels. 

13. A plating apparatus as claimed in claim 12, 

wherein the minor constituent managing sec- 
tion further comprises a replenishment section 
(321) comprising: 

a preparation vessel (335) adapted to be virtu- 
ally sealed; 

a replenishment pipe (324, 325) extending from 
the vicinity of a bottom of the preparation vessel 
to the substrate treating section; 
a pressure increasing/reducing mechanism 
(302, 411 ) for increasing and reducing an Inter- 
nal pressure of the preparation vessel; and 
a replenishment liquid supply mechanism (346, 
363, 364) for supplying the plating accelerating 
additive replenishment liquid, the plating re- 
tarding additive replenishment liquid and the 
chlorine replenishment liquid into the prepara- 
tion vessel in replenishment amounts deter- 
mined by the minor constituent management 
controller. 

14. A plating apparatus as claimed in any of claims 1 to 
13. 

wherein the minor constituent managing sec- 
ti'on is housed in a minor constituent managing sec- 
tion enclosure (420) having an air outlet port (420h), 

wherein an air outlet pipe (333, 433) for ex- 
hausting air from the minor constituent managing 
section enclosure is connectable to the air outlet 
port, 

wherein the minor constituent managing sec- 
tion further comprises an air exhaustion pressure 
sensor (436, 437) attached to the air outiet pipe for 
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measuring an air exhaustion pressure. 

15. A plating apparatus (10) for perfonning a plating 
process on a surface of a generally round semicon- 
ductor wafer (W) having a plurality of fine holes or s 
grooves fonned in the surface thereof and a barrier 
layer and a seed layer sequentially provided on the 
surface as covering the holes or grooves, the appa- 
ratus comprising: 

10 

a cassette stage (16) for receiving thereon a 
cassette (C) which is capable of accommodat- 
ing a semiconductor wafer to be treated; 
a plating unit (20a to 20d) comprising a cathode 
ring (80) having a cathode (83) to be brought is 
into contact with the semiconductor wafer and 
rotatable together with the semiconductor wa- 
fer kept in contact with the cathode, and a plat- 
ing cup (56a to 56d) having an anode (76) dis- 
posed therein and capable of containing a plat- so 
ing liquid which comprises sulfuric acid as a 
supporting electrolyte, copper sulfate as a met- 
al salt containing a target metal, and a plating 
accelerating additive, a plating retarding addi- 
tive and chlorine as minor constituents thereof; 25 
a cleaning unit (22a, 22b) comprising a cup 
(101) for cleaning the semiconductor wafer 
therein, the cup having a drain port (105a) , a 
wafer holding mechanism (1 02) provided in the 
cup for holding the semiconductor wafer, a wa- 30 
fer rotating mechanism (103) for rotating the 
semiconductor wafer held by the wafer holding 
mechanism, and a deionized water supply noz- 
zle (102d, 107) for supplying deionized water 
to opposite sides of the semiconductor wafer 35 
held by the wafer holding mechanism, the 
cleaning unit being connected to an air exhaus- 
tion mechanism for exhausting airfrom the cup; 
a wafer transport mechanism (TR) for trans- 
porting the semiconductor wafer, the wafer 40 
transport mechanism comprising an extendible 
ami (41 , 42) for holding the semiconductor wa- 
fer generally horizontally, a vertical movement 
mechanism (24) for moving up and down the 
ami, and a horizontal rotation mechanism (25) 45 
for rotatingthe semiconductor wafer held by the 
ami within a generally horizontal plane; 
a post-treatment agent supplying section (4) 
comprising a post-treatment agent tank (290) 
which contains a post-treatment agent to be so 
used in the cleaning unit, and a tank enclosure 
(291) which houses the post-treatment agent 
tank therein; 

a minor constituent managing section (3) com- 
prising an analyzing section (320) for quantita- ss 
lively analyzing the plating liquid being used in 
the plating unit, a minor constituent managing 
section enclosure (420) which houses the ana- 



lyzing section, and a minor constituent man- 
agement controller (1 69) for controlling the en- 
tire minor constituent managing section; 
an enclosure (30) which houses a wafer treat- 
ing section (1) including the plating unit, the 
cleaning unit and the wafer transport mecha- 
nism therein, the enclosure comprising a bani- 
er wall for Isolating the inside thereof from an 
external environment, a frame (37) which sup- 
ports the wafer treating section, and a filter (31) 
provided in an upper portion thereof, the enclo- 
sure having a loading/unloading port for load- 
ing and unloading the semiconductor wafer or 
the cassette capable of accommodating the 
semiconductor wafer, a deionized water pipe 
introduction port (32h) through which a deion- 
ized water pipe (32) is introduced, a com- 
pressed air pipe introduction port (33h) through 
which a compressed air pipe (33) is introduced, 
an air outlet opening (36) provided in a bottom 
of the enclosure for exhausting air from the en- 
closure, and an air outlet pipe connection port 
(34h, 35h) to whteh an air outlet pipe (34, 35) 
is connected for exhausting air from the enclo- 
sure; and 

a system controller (155) for controlling the en- 
tire plating apparatus, the system controller 
comprising a plurality of printed circuit boards 
(1 55P). a central processing unit (1 55C), a stor- 
age device (155M) having a semiconductor 
memory and a magnetic memory and storing 
therein a plating apparatus control program at 
least partly described in a high-level language, 
and a serial port (280, 281 ), the system control- 
ler being connected to a keyboard (157) having 
alphanumeric keys and to a display (156); 

wherein the minor constituent management 
controller of the minor constituent managing section 
comprises a plurality of printed circuit boards 
(169P), a central processing unit (169C), a semi- 
conductor memory (169M) storing therein a minor 
constituent analyzing program at least partly de- 
scribed In a high-level language for analyzing the 
minor constituents of the plating liquid, and a serial 
port (470. 471), and Is connected to a keyboard 
(171) having alphanumerte keys and to a disDiav 
(170); 

wherein the analyzing section comprises an 
analyzing cup (336) for containing a part of the plat- 
ing liquid to be analyzed, a plurality of reagent con- 
tainers (371 to 374) which respectively contain an- 
alytic reagents, apluralityof syringepumps (386 to 
389) for quantitatively dispensing the reagents from 
the respective reagent containers, a plurality of re- 
agent supply nozzles (351 N to 354N) for supplying 
the regents quantitatively dispensed by the respec- 
tive syringe pumps into the analyzing cup, a refer- 
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ence electrode (310) and a counter electrode (309) 
adapted to be located in the analyzing cup, a rotary 
electrode (308) of platinum supported at a distal end 
of an insulative support rod (308a) rotatable about 
an axis thereof and adapted to be located In the an- s 
alyzing cup, and a potentiostat (1 72) for controlling 
an electric current flowing between the counter 
electrode and the rotary electrode so that a voltage 
between the reference electrode and the rotary 
electrode is equalized with a sweep voltage speci- 10 
f ied by the minor constituent management control- 
len 

wherein the minor constituent managing sec- 
tion enclosure has an air outlet port (420h) to which 
an air outlet pipe (433) is attached for exhausting is 
air from the minor constituent managing section en- 
closure, and a vat (432) for receiving the reagents 
being used in the minor constituent managing sec- 
tion is provided in the minor constituent managing 
section enclosure. 20 

16. A plating method comprising the steps of: 

plating a semiconductor wafer (W) in a wafer 
treating section (1 ) with the use of a plating liq- 25 
uld containing a plating accelerating additive, a 
plating retarding additive and chlorine; 
transporting a part of the plating liquid being 
used in the wafer treating section into an ana- 
lyzing cup (336) ; 30 
analyzing the plating liquid in the analyzing cup 
after the plating liquid transporting step by per- 
fonning, in a given order, at least two analyzing 
steps selected from a first analyzing step for 
quantitatively analyzing the plating accelerat- 35 
ing additive through a CVS analysis or a CPVS 
analysis, a second analyzing step for quantita- 
tively analyzing the plating retarding additive 
through a CVS analysis or a CPVS analysis, 
and a third analyzing step for quantitatively an- 40 
alyzing chlorine through a titrimetric analysis; 
and 

replenishing the plating liquid with the plating 
accelerating additive, the plating retarding ad- 
ditive and chlorine by adding replenishment liq- 45 
uids respectively containing the plating accel- 
erating additive, the plating retarding additive 
and chlorine in amounts detemiined on the ba- 
sis of results of the analysis performed in the 
analyzing step to the plating liquid being used so 
in the wafer treating section. 

17. A plating method as claimed in claim 16, wherein 
the plating liquid transporting step comprises the 
steps of: S5 

transporting a part of the plating liquid being 
used in the wafer treating section to a sampling 
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vessel (305) provided in the vicinity of the ana- 
lyzing cup; and 

transporting the plating liquid from the sampling 
vessel to the analyzing cup. 

18. Aplating method as claimed in claim 16 or 17, 
wherein the replenishing step comprises the steps 
of: 

supplying a part of the plating liquid being used 
in the wafer treating section into a preparation 
vessel (335); 

preliminarily supplying the replenishment liq- 
uids into the plating liquid in the preparation 
vessel; and 

transporting the resulting plating liquid from the 
preparation vessel to the wafer treating section 
after the plating liquid supplying step and the 
preliminary replenishment liquid supplying 
step. 

19. A plating method as claimed in any of claims 16 to 
18, wherein the third analyzing step comprises the 
steps of: 

perfonming the titrimetric analysis with the use 
of a silver/silver chloride electrode (311); and 
retracting the silver/silver chloride electrode 
from the analyzing cup and cleaning the ana- 
lyzing cup after the titrimetric analysis step. 
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